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(54) PRODUCTION OF CARBON NANOTUBE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method 
capable of growing a carbon nanotube uniform in 
characteristic and directional property at a relatively low 
temp,, and unnecessitating a purifying treatment on a 
substrate. 

SOLUTION: A growth starting area of the carbon 
nanotube 4 is previously formed on the surface 1b of the 
substrate 1 and a gaseous starting materia! containing a 
starting material for introducing carbon is introduced 
into a reaction vessel in a state in which the substrate is 
arranged in the reaction vessel, and the carbon nanotube 
is formed on the substrate by further generating a 
plasma by AO glow discharge in the reaction vessel, or 
the carbon nanotube is grown in narrow pores from 
growth nuclei at a bottom part of the narrow pores by 
providing the narrow pores in which the growth nuclei 
are arranged, and controlling the growth direction at the 
bottom of the substrate. 
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* NOTICES * 

JPQ and iNPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2, *%** shows the word which can not be translated. 
3 .in the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[QQ01] 

[Field of the Invention]This invention is a range wide as functional materials, such as an electron 
device and a micro device, a structural material etc., In particular, it is effectively related with 
the manufacturing method of an available carbon nanotube as functional materials, such as 
probes, such as electron emission material and STM } a small-gage wire for micromachines, a 
small-gage wire for quantum effect elements, and a bio device. 
[0002] 

[Description of the Prior Art]A!though fibrous carbon is generally called the carbon fiber, as for 
the carbon fiber used as a structural materia] of not less than several micrometers in diameter 
thickness, many kinds of processes have been studied from the former. The process produced 
from the raw material of a PAN system or a pitch system occupies the present mainstream in it. 
The outlines of this process are non-deiiquesce and the method of fire-resistanceHzing and 
carrying out high temperature processing at 1500-3000 after carbonization at 800-1400 
about the raw material which carried out spinning from PAN textiles, the isotropic pitch, and the 
mesophase pitch. In this way, the obtained carbon fiber is excellent in mechanical properties, 
such as intensity and an elastic modulus, and since it is lightweight, it is used for sporting goods, 
thermal insulation, the structural material of aerospace relation or automobile relation, etc, also 
as a composite material 

[0Q03]The carbon nanotube discovered apart from this in recent years is a tube shape materia! 
of 1 micrometer or less in diameter thickness, and as an ideal thing, the field of a carbon hex- 
steel eye becomes parallel to the axis of a tube, and it forms a pipe. Furthermore, this pipe may 
become multiplex. This carbon nanotube becoming metallic with the thickness of how for the 
hex-steel eye made with carbon to be connected or a tube, or becoming in semiconductor is 
expected theoretically, and it is expected as a future functional material. 
[00Q4]Et is as follows when the outline of the general manufacturing method of the textile 
materials of these carbon systems is summarized, 

(1) Since it is known that many kinds of things will exist in a carbon fiber about a carbon fiber, 
and the structure of the fiber compounded will change with a synthesizing method or its 
conditions a lot, the synthesizing method is chosen by the use. It is described by Michio Inagaki 
work "new carbon material" (technical #****#) etc. for details. 
[0005]Three kinds of main synthesizing methods are explained briefly below. 
** Polyacrylonitrlle is used for a PAN system carbon fiber raw material, and it is compounded 
through the three main processes, the spinning of a precursor, its non-deliquesce processing, 
and high temperature processing. In non-deliquesce processing and high temperature processing, 
cyclization, dehydrogenation by oxygen, and decarbonizationHzed hydrogenation further 
accompanied by carbon hex-steel eye formation are performed. By adding extension operation to 
a fiber in the middle of a process, a carbon hex~steel eye comes to arrange to the shaft 
orientations of a fiber, and it Is known that the characteristic will improve remarkably. En this 
way, there are a wide use (QeneralPurpose, GP) grade and a high intensity (High Tensile 
Strength, HT) type of the PAN system carbon fibers obtained. 
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** It is divided into the Lord of a mesophase system pitch based carbon fiber who indicates 
anisotropy optically to be the isotropic pitch system carbon fiber built with an isotropic pitch to 
a pitch system carbon fiber pitch system carbon fiber by two kinds. The manufacturing process 
is similar to the above-mentioned PAN system carbon fiber, and consists of carbonization by 
spinning, non-deliquesce processing, and high temperature processing. 

[0008]Even if a mesophase system pitch based carbon fiber does not add extension operation 
[ike [ in the case of a PAN system carbon fiber ], the good arrangement of shaft orientations is 
acquired, and a radial (radial), randomness, coaxial-circles tubed (onion), etc. can aiso control the 
organization of a fiber cross section by viscosity of a pitch. A mesophase system pitch based 
carbon fiber is a rate (High Modulus, HM) type of high elasticity, and attracts attention as a 
future composite materia). Isotropic pitch system carbon fiber belongs to GP grade, and is used 
for thermal insulation etc. 

a vapor-phase-epitaxy system carbon fiber — when one typical example is shown, it sends in 
in the electric furnace which made hydrogen carrier gas and held benzene vapor at around 1050 
**, and there is a method of making it grow up on a substrate by making iron particles into a 
catalyst. The growth process considers three kinds of diameter direction growth periods which 
increase thickness to growth of nucleatlon and the very thin shaft orientations of a fiber, and the 
diameter direction of a fiber. After the ultrafine particle of about 10-nm iron is required for a 
catalyst and a fiber is obtained, Fe^C will exist at the tip of a fiber. It is thought that hydrogen 

gas also has reduction of iron and an operation of control of the pyrolysis of benzene, 
[0007]The obtained fiber consists of a thick peripheral part which arranges from the center 
almost in parallel with a hollow tube, a flat and thin rnesbes-of-a-net layer, and an axis, and has 
about 1-nm meshes of a net The hollow tube with a fiat and thin meshes-of-a-net layer near a 
center becomes a core, and can do an iron catalyst, and a thick peripheral part is considered to 
have been obtained by the pyrolysis of benzene. Such a tube is seen also when the gaseous 
phase pyrolysis of the carbon monoxide is carried out by making iron into a catalyst G. It is that 
the same fiber is obtained even if G, Tibbetss uses methane J, GrysL Growth and 73 (1985) 431 
explains. 

[0008][n vapor phase growth, there are a seeding method (Seeding CatalystMethod) which 
attaches the catalyst to the substrate, and a fluid catalyst method (Floating Gatafyst Method) 
make a catalyst float in the gaseous phase. By a fluid catalyst method, it is easy to become the 
shape where the path of the fiber bent thiniy. What Ishioka's [ and others ] **** of a fiber 
improves by using the mixed gas of hydrogen, carbon dioxide, and carbon monoxide for carrier 
gas, It Is that of a fiber improves further by using the mixture of ferrocene and metal acetyl 
ASETETONESTO as a catalyst Carbon and 30 (1992) 859 and Carbon, and 30 (1992) It is 
explaining in 865. 

[0009]When the fiber obtained by the seeding method adds heat treatment, a biack lead 
laminated structure progresses. That is, the network structure progresses near 2000 ** and the 
laminated structure of meshes of a net develops from near 2500 A biack lead laminated 
structure seldom progresses with the fiber created by the fluid cataiyst method. If these fibers 
are heat-treated above 2800 **, the polygonization from which a fiber outer wall becomes a 
polygon will occur. 

[0010] If these processes are seen on the whole, by the PAN system and a pitch system, fire- 
resistance-izing and non~deiiquesce are required of 150-400 atmosphere among the air, and 
carbonization and graphitszation need to be heat-treated also including vapor phase growth after 
that That is, there are material of the carbonaceous carbonized by heat treatment near 1300 
and material of the graphite graphitized near 2800 #*. Density increases with this heat-treatment 
and resistivity tends to decrease. By material, in general, density, tensile strength, and a modulus 
of elasticity in tension increase in order of an isotropic pitch system, a PAN system, a 
mesophase pitch system, and a vapor-phase-epitaxy system, and resistivity falls. In the isotropic 
carbon fiber, even if an average spacing performs high temperature heat treatment at about 
0.344 nm, the random layer system remains. However, in a vapor-phase-epitaxy system carbon 
fiber, if high temperature heat treatment is performed above 2400 **, an average spacing will be 
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set to about 0.336 rim, and an ideal laminated structure will be obtained, This can be evaluated 
also from measurement of a magnetic resistance value, 

[001 IjAlthough the path of the carbon fiber obtained by the process indicated above is not less 
than several micrometers, when it compares in these, it can be said that vapor phase growth is 
the material near a carbon nanotube that the lamination network structure parallel to an axis is 
easy to be acquired, 

(2) Although 1 micrometer or less of material about a carbon nanotube whose diameter is thinner 
than a carbon fiber was popularly called the carbon nanotube and the carbon fiber is 
distinguished, there is no clear boundary, Sn this Description, the material which is carrying out 
long and slender shape for a long and slender-shaped material at a carbon fiber and thickness 1 
micrometer or less in diameter is called a carbon nanotube with thickness not less than several 
micrometers in diameter. The field of 6 angle meshes of a net of carbon calls a material almost 
parallel to an axis a carbon nanotube to in a narrow sense, and also when amorphous carbon 
exists in the circumference of a carbon nanotube, it includes in a carbon nanotube. 
[001 2]ft roughly classifies into the process of a carbon nanotube now, and two kinds are known. 
It is a thermal decomposition method similar to the vapor phase growth of a carbon fiber, and a 
method of using heat plasma, The method of using thermal plasma is further classified into two 
kinds, arc discharge process and a high-frequency-induction method, Below, a typical example is 
given and the method of these is explained briefly, 

[001 3] 1) The thermal decomposition method this gentleman method using a catalyst is almost 
the same as the vapor phase growth of a carbon fiber. G. E. SNYDER and others has indicated 
such a process to International-Publication WO89/07183. This method is a method of 
introducing the material gas for carbon introduction with hydrogen into a reaction vessel, 
introducing an ultra-fine particle simultaneously, and obtaining a carbon nanotube. As a raw 
material, the raw material which contains oxygen, such as unsaturated hydrocarbon, such as 
saturated hydrocarbon, such as methane, ethane, propane, butane, hexane, and oyciobexane, 
ethylene, propylene, benzene, and toluene, acetone, methanol, and carbon monoxide, for example 
is used here. As for the ratio of material gas to hydrogen, 1:20-20:1 are good, the mixture of Fe 
independence or Fe and Mo, Or, Ce, or Mn is recommended to the catalyst, and the method of 
making it adhere on microparticulate (fumed) alumina is also advocated. The range of a reaction 
vessel is 550-850 **, about 200 seem has preferred material gas with which hydrogen contains 
100sccm and carbon per 1 inch diameter, the flow of gas introduces particles, and a carbon tube 
grows in 30 minutes - about 1 hour 

[OOl4]3n this way, the shape of the carbon tube obtained is about 3.5-75 nm in diameter, and 
length reaches by 5 to 1000 times the diameter. The network structure of carbon becomes 
parallel to the axis of a tube, and there is little non-delivery of the thermal decomposition carbon 
of the tube outside. 

[001 5]2) Arc-discharge~process arc discharge process is first found out by lyima, and is 
indicated to Nature Vol. 354 (1991) p. 58~58 for details, Arc discharge process is a simple method 
of performing DC arc discharge using a carbon rod electrode in the atmosphere of argon 
100Torr, and the plasma to generate turns into thermal plasma, A carbon nanotube grows up to 
be a part of surface of a negative electrode with a 5-20-nm carbon particle. This carbon tube is 
the layer structure with which about 1 micrometer in length and 2~50~fold tube shape carbon 
meshes of a net lapped at 4-30 nm in diameter, and the network structure of that carbon is 
spirally formed in the axis in parallel. Spiral pitches differ for every layer in every tube and a 
tube, and the interlaminar distance in the case of a layer tube is mostly in agreement with the 
interSaminar distance of 0,34 nm and graphite. The tip of the tube is too closed in the network of 
carbon. 

[001 8]T, W= Ebbesen and others has indicated the conditions which generate a carbon nanotube 
in large quantities by arc discharge process to Nature Vol. 358 (1992) p. 220-222. 9 mm in 
diameter is used for the negative pole, and a carbon rod 6 mm in diameter is used for the anode, 
it installs so that It may detach 1 mm and may counter in a chamber, and the arc discharge of 
about 18 v and 100A is generated in the atmosphere of the about 500 helium Torr(s). If it is 500 
or less Torr, there will be few rates of a carbon nanotube and the whole generated amount will 
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decrease by at least 500 or more Torr. The rate of the carbon nanotube in output reaches to 
75% in case of 500Torr of an optima! condition. Even if suppSied power was changed or it used 
atmosphere as argon, the collection rate of the carbon nanotube fell Many nanotubes near the 
center of the generated carbon rod exist. 

[0017J3) A high-frequency-induction plasma process high-frequency-induction plasma process 
is a method of using the same thermal piasma as arc discharge process intrinsically, and Is 
indicating the art which Tanaka and others uses for the process of fuilerene and a carbon 
nanotube to JP,H7-81 8Q3A According to this, it is atmosphere, such as argon gas, and is a 
method of making a container into the pressure of 100 or more Torr, generating induction piasma 
in a container by several MHz high frequency, sending in the powder of carbon there, evaporating 
and making the carbon recombins. Under the present circumstances, the temperature in piasma 
amounts to 5000-20000K, and such thermal plasma is popularly called [OP (Inductively Coupled 
Plasma). 

[0018]Since a muiti core tube and the tube of a monolayer are generally called a single tube for 
the thing of a layer tube for short, an abbreviation is used also in this Description, 
[0019]When the above is summarized simply, as shown in drawing 1 » a carbon fiber, Structure of 
tube shape [ a center ] in parallel [ with an axis ] like [ in the vapor phase cracking which has 
shape as shown in drawing 1 (a) from which the tube shape network structure parallel to an axis 
and has not developed, and used the catalyst ] d rawing 1 (b) and (it consists of carbon hex-steel 
eye structure.) the network structure — un-illustrating — the structure (it consists of carbon 
hex-steel eye structure.) of tube shape [ a center ] in parallel [ with an axis ] like [ although it 
is / a lot of carbon of structure confused to the circumference has adhered, and / in arc 
discharge process ] drawin g 1 (c) and The network structure is un-lllustrating, It progresses and 
there is also little coating weight of the carbon of the shape of amorphous [ surrounding ], The 
sectional view in the case of the multi core of this carbon nanotube is shown in drawin g 1 (dX 
[0020] 

[Probiern(s) to be Solved by the inventionjln the process of the carbon nanotube in the 
conventional technology mentioned above. It is random also in thickness and a direction and the 
carbon material of an impurity is also mixing the carbon nanotube obtained. The carbon nanotube 
obtained by this method must be collected and refined after composition when using, and it must 
form in specific shape according to the gestalt used further. For example, when it is going to use 
as an electron source, A. G. Rinzier and others takes out one of a carbon fiber as shown in 
SCIENCE Vol 269 (1995) p.1 550-1 553, Voltage is drawing out the electron from the end of the 
opposite hand of the carbon nanotube which pastes up one of the two on an electrode, and 
exists in the center of a carbon fiber. As shown in SCIENCE VoL270 (1 995) p.1 1 79-1 1 80 and 
SCIENCE VoL 288 (1995) p.845-847, Walt A. de Hear and others, After refining the carbon 
nanotube produced by arc discharge, a tube is made to stand on a substrate using a ceramic 
filter, and the electron source is produced. 

[0021]A!though a carbon nanotube can be directly grown up on a base also with the thermal 
decomposition method using the catalyst of seeding, The direction of the carbon nanotube which 
needs to set substrate temperature to about 800 #* highly, and grows cannot be controlled, 
either, but thickness is also controlled, and amorphous-like carbon grew up to be a peripheral 
wail of a ****** tube easily. Junction of a base and a carbon nanotube was also weak. 
[0022]In arc discharge, the high current was still more nearly required, and the temperature of 
the growth portion of a carbon nanotube was very high, and it was impossible to have grown up a 
carbon nanotube directly on bases, such as quartz and a metaled substrate, [t was impossible for 
a high-frequency-induction plasma process to also have grown up a carbon nanotube directly on 
a base in a similar manner, since the temperature in plasma is dramatically as high as not less 
than several 1000 **. 

[0023]As mentioned above, it was dramatically difficult for the direction considered as a request 
on the base which consists of wide range construction material to form a carbon nanotube so 
that t might be understood, and growth at forming a carbon nanotube at intervals of a request 
further or low temperature was impossible, The purpose of this invention is to solve these 
problems, 
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[0024]That is, the purpose of this invention is to provide the method that a carbon nanotube 
may be comparatively grown up on a base at iow temperature, 

[Q025]Other purposes of this invention are to provide the method that a carbon nanotube with 
the uniform characteristic may be grown up on a base, 

[0028]Other purposes of this invention are to provide the method that the carbon nanotube in 
which directivity has been improved more on a base may be grown up. 

[0027]Other purposes of this invention are to provide the method that a carbon nanotube with 
specific directivity can be grown up on a base, 

[0028]Other purposes of this invention are to provide the method that many carbon nanotubes 

can be grown up at a specific interval on a base, 

[0029] 

[Means for Solving the ProbiemjThe 1st manufacturing method of a carbon nanotube of this 
invention, A base which is a manufacturing method of a carbon nanotube by growing up a carbon 
nanotube on a base arranged in a reaction vessel, and formed a carbon nanotube growth start 
field in the surface beforehand in the state where it has arranged in said reaction vessel A 
carbon nanotube is formed on said base by introducing material gas containing a raw materia! for 
carbon introduction in this reaction vessel, and generating plasma by exchange glow discharge in 
this reaction vessel. Although glow discharge is used for manufacture of a carbon nanotube in 
the 1st manufacturing method of this invention, this glow discharge is clearly distinguished from 
arc discharge, and uses and explains drawing 2 about that difference below, Although here 
explains an example in a direct current for convenience, in relation between glow discharge and 
arc discharge, exchange is also the same, 

[QD3Q] Drawing 2 shows current at the time of impressing voltage of a direct current to inter- 
electrode [ of positive/negative ] in a suitable pressure vessel, and a relation of voltage. A field 
in [ A ] a figure is caiied a glow discharge region, B is called an arc current field, voltage in a glow 
discharge region calls stiil more finely a field for which it hardly depends on current a normal- 
glow-discharge field, and the first half glow discharge region and high~electric~current side is 
called an abnormal-glow-discharge field to the low current side from it. A portion between a glow 
discharge region and an arc discharge area is called transient state, Glow discharge and arc 
discharge are described a little in more detail below. 

A pressure of glow discharge glow discharge is the discharge in which low-pressure power of 
several 10 mA or less and low current were stabilized at several 1000 pascals or less as for 
discharge current, Such discharge is obtained also with a volts alternating current, In direct- 
current glow discharge, a positive column and the last which occupy an Aston dark space (it 
sees by helium with high excitation voltage, Ne, etc), cathode glow, a cathode dark space, 
negative glow, a Faraday dark space, and most from the negative pole side have anode glow, The 
great portion of impressed voltage is concentrated near the negative pole, 
** In arc discharge arc discharge, voltage decreases about to 1/10 compared with glow 
discharge, and current is large about 4~5 figures. The negative pole was heated, so that it 
became white-hot, and since a thermal electron is emitted so much from there, maintaining-a~ 
discharge voltage has fallen, It consists of an arc column of the cathode spot by the side of the 
negative pole, the anode spot of an anode end, and the plasma state in the meantime in arc 
discharge, 

[0031 ]A process in which a carbon nanotube is obtained in arc discharge process is considered 
as follows, That is, carbon evaporates from a carbon electrode heated by arc discharge, it is 

ionized in plasma, and carbon ion etc, can draw near to the negative pole. In the negative 
pole, since it is an elevated temperature dramatically, it is in a situation where graphite-ization 
takes place easily. However, it is not ciear why shape of a nanotube is easy to be obtained at 
present* 

[Q032]Next, low-pressure iow ionization plasma and high voltage quantity ionization plasma are 
explained, A direct current and exchange (high frequency is included) of the above-mentioned 
glow discharge are low-pressure iow ionization plasma, Low-pressure low ionization plasma is 

plasma generally generated by a pressure below 10 4 Pascal, and is low, and a lot of neutrai gas 
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which is not ionized exists besides an electron or ion in plasma. [ of a degree of electrolytic 
dissociation ] And in plasma, it is in a non equilibrium state and temperature becomes high at 
order of inert gas, ion, and an electron. When a base is installed into this plasma, even if base 
temperature is high from several 100 it is about 1000 **. 

[0033]On the other hand, there are what is depended on arc discharge, and a method by high 
voltage higb-frequencyHnduction plasma in high-tension ionization plasma, a degree of 
electrolytic dissociation is high and an electron and ion have become a thermal equilibrium state 
in plasma. There is little inert gas in plasma compared with low-pressure low ionization plasma. 

Generating this high voltage quantity ionization plasma by a pressure more than 10 4 Pascal 
generally, temperature in plasma amounts to several 1000-20000 **. Generating of high voltage 
high-frequency-induction plasma is performed within a quartz tube generally installed into a coil 
which sent current of the number 10A on frequency of several MHz. 

[QG34]The former exchange glow discharge is used in the 1st manufacturing method of this 
invention. In arc discharge process, it is almost impossible to use bases other than a pole bolt, it 
is almost impossible to install a base into plasma with high voltage high-frequency-induction 
plasma because of an elevated temperature. Son, such as carbon and hydrocarbon, is built with 
the 1st method of this invention in low-pressure low ionization gaseous plasma, A carbon 
nanotube is grown up into a base surface by effects, such as accelerating and supplying it with 
sheath voltage generated between plasma and a base, and current derived to the carbon 
nanotube itself which began growth. 

[0035]The 2nd manufacturing method of a carbon nanotube of this invention, A process of 
providing fine pores which are the manufacturing methods of a carbon nanotube by growing up a 
carbon nanotube on a base arranged in a reaction vessel, and are open for free passage with the 
exterior via an opening to the (a) base and by which a growth core has been arranged at a pars 
basNaris ossis occipitalis, (b) It has a process which regulates a growth direction by these fine 
pores with a growth core as the starting point in a pars basilaris ossis occipitalis of said fine 
pores and into which a carbon nanotube is grown up, 

[0038]Fine pores as a guide which regulates a growth direction of a carbon nanotube established 
in a base surface with this 2nd manufacturing method, ft can form by a method of installing a 
method of carrying out anodizing of this aluminum layer to that surface, and providing fine pores 
in it using what has an aluminum layer as a base, and a mask which provided a breakthrough in a 
plate in a base surface, 

[0037]The 2nd method of this this invention provides on a base fine pores which guide growth of 
a carbon nanotube, it is in a state which has arranged a growth core at that fine-pores pars 
basiiaris ossis occipitalis, is a method of growing up a carbon nanotube, and can grow up a 
carbon nanotube with the uniform characteristic directly on a base. Many carbon nanotubes can 
be directly grown up on a base at a specific direction or a specific interval by controlling the 
directivity of fine pores, and its arrangement. 
[0038] 

[Embodiment of the lnvention]A carbon nanotube is grown up in the 1st and 2nd manufacturing 
methods of this invention, using the growth start field established in the base surface, or a 
growth core as the starting point. What is necessary is to just be formed as this carbon 
nanotube growth start field or a growth core as the field which can provide the portion which 
makes growth of a carbon nanotube easily start rather than other portions, or a nucleus part by 
changing physical shape and a chemical presentation with other portions, for example etc. 
[0039]As a method of forming a carbon nanotube growth start field by change of chemical 
composition, For example, the method of forming in a base the portion of a presentation which 
may function as a carbon nanotube growth start field or a growth core can be mentioned, 
Methods, such as establishing the projection structure which enables concentration of voltage 
etc., for example as a method of forming a carbon nanotube growth start field or a growth core 
by change of physical shape, can be mentioned as a desirable thing. Thus, by providing the 
carbon nanotube growth start field on the base, it becomes possible to control that the structure 
of amorphous carbon or the shape of graphite grows, and to promote growth of a carbon 
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nanotube effectively. 

[0040]As the carbon nanotube growth start field to which chemical composition was changed, or 
a growth core r what can form more effectively the portion which can be derived for the growth 
start of a carbon nanotube can be used, for example, metai or the semiconductor of low 
resistance can be mentioned as a suitable thing. As these metal or a semiconductor of low 
resistance, transition metals, such as Fe, Ti, V, Gr, Mn, Co, nickel, Cu, Nb, Mo, Pd, W, and Pt, a 
lantbanoids, SiG, etc. are mentioned. In these, alioys, such as Invar containing Fe f Co and nickel 
which are the metal catalysts which can promote the debydrogenation of hydrocarbon, and them, 
are more preferred, 

[0041 ]The method of, for example, making the ultrafine particie which consists of such materials 
fixing on a base as a method of forming on a base the carbon nanotube growth start field or 
growth core which consists of such materials, the method of forming in the surface of a base the 
portion which consists of such materials, etc, can be mentioned, 

[0042]As a method of making it fix on a base as an uitrafine particle, the method of spraying an 
ultrafine particle on a base surface can be used. 

[0043]The ultrafine particle which consists of such materials can be obtained by the general 
method called gas evaporation, for example, That is, it is the method of carrying out heating 

evaporation of the metal in inactive gas, such as argon about 10 4 Pascal using a crucible etc, 
and making it growing up to be an uitrafine particle in gas, It is also possible to also spray this 
generated uitrafine particie on the base directly set to another chamber using differentia! 
pressure and to carry out distributed spreading or to spray on a base, once are possible and 
collecting ultrafine particles. After forming a super-thin film, for example on a base besides such 
a method, it is also possible by carrying out heating condensation to obtain an ultrafine particle. 
[0044]By irradiating with an electron beam on a base by SEM (Scanning Electron Microscope: 
scanning electron microscope) etc, in which gas ( such as some oil, exists as a method 
furthermore controlled, it is possible to grow up a carbon ultrafine particle into the portion. In 
this case, by changing gas into specific raw materials, such as an organic metal, it is also 
possible to grow up metal other than carbon, 

[0045]There is the following general recognition about a "ultrafine particle/' That is, small 
particles are called "particles" and a thing smaller than this is called a "uitrafine particie." It is 
performed widely that the number of atomic calls a "cluster" about hundreds of or Sess things 
stili smaller than a "uitrafine particie." However, each boundary is not strict and it changes by 
paying attention to what kind of character it classifies. "Particles" and a "uitrafine particle" may 
be collectively called "particles," 

[0048]By "Experimental physics lecture 14 the surface and particles" (the voiume on Koreo 
Kinoshita and KYORITSU SHUPPAN 1988 year 9 wili publish for one day), it is described as 
follows. 

[0047]"When calling it particles in this paper, the diameter uses from about about 2-3 
micrometers to about 10 nm, and when calling it especially an ultrafine particle, particle diameter 
will mean from about 10 nm to about 2-3 nm. Since both are only collectively written to be 
particles, it is by no means strict, and they are most ruies of thumb. In the case of tens - about 
100 numbers, the number of the atoms which constitute particles calls it a cluster from two 
pieces. " (refer to the 22-28tb 195-page line). 

[Q048jWhen added, the definition of the "uitrafine particle" in the Research Development 
Corporation of Japan" wood and ultrafine particie project" was still smaller, and that of the 
minimum of particle diameter was as follows. 

[G049]"In the "ultrafine particie project" (1981-1988) of the creation technology promotion 
system, it decided to oaU the thing of the range whose size (path) of particles is about 1-100 nm 
a "uitrafine particle" (utlra fain particle). Then, one uitrafine particie will call It the aggregate of 

the atom like about 100 - a 1G 8 individual, if it sees with an atomic measure, an ultrafine particle 
will be a large - glani particle" ("ultrafine particle and creation technology" wood Chikara.). Ryoji 
Ueda, Tazaki ** Refer to [ editing and ] the Mita publication 1988 two pages of the 1 —4th line per 
year "one particle by which what is still smaller than an uitrafine particle, i.e., an atom, is partly 
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constituted from 100 - numbers is usually called a cluster" (refer to the two-page writing of the 
12-1 3th line). 

[0050]A!though a "ultrafine particle" refers to the particles which have the particle diameter of 
the range of 1 nm - severa! micrometers in this Description based on the above general ways of 
calling, especially if the particle diameter of the ultrafine particle for the growth start fields of a 
carbon nanotube is a grade which can enforce the method of this invention, it will not be limited, 
[005 []The method of forming the surface portion which becomes a desired position from the 
above-mentioned materia! as a method of not using an uitrafine particle, with the lithography 
technology by drawing of visible light, ultraviolet rays, X-rays, an electron beam, etc. can be 
mentioned. 

[0052]As a method of producing the projection structure which can use physical shape as a 
carbon nanotube growth start field or a growth core by change on the other hand to a base 
surface, The process used by the electron source of FE (Field Emission: field emission) and the 
process used for production of the probe of STM (Scanning Tunneling Microscope: scanning 
tunneling microscope) are mentioned, Slanting vacuum evaporation of the metal is carried out at 
this from on the hole of the resist which has an inverse tapered shape, The Spindt method which 
carries out the lift off of the portion of a hole, and the etching method which removes a mask 
after attaching the mask to the part which becomes a tip end part of a needle and performing 
side etching. It is a transfer method etc, which attach the mask to parts other than the portion 
which becomes a hole of a substrate, perform anisotropic etching, make a hole, consider it as a 
mold, form metal from on the, and remove a mold portion. 

[0053]The typical structure of the carbon nanotube growth start field obtained by the above 
method is shown in drawing 3 . Drawing 3 (a) - (c) is what expressed the state where the carbon 
nanotube growth start field 2 was formed on the base 1, as a typical sectional view. When 
drawing 3 (a) is formed using an ultrafine particle, drawin g 3 (b) shows the case where drawi ng 3 
(c) uses projection structure for the case where thin films, such as meta! which carried out 
pattern N1NGU, are used for predetermined dot form using a lithography technology (when an 
acute angle [ peak ]), respectively, 

[0054]As a base which can be used for the method of this invention, various metal substrates, a 
Si wafer, quartz, glass, Ceramics Sub-Division, etc. are mentioned, and by the 1st and 2nd 
manufacturing methods of this invention, since a carbon nanotube can be directly grown up to be 
a base, it becomes possible to aim at large expansion of the use of a carbon nanotube, 
[0055]As a growing method of the Garnbon nanotube, with the 1st manufacturing method of this 
invention, it is carried out by generating the plasma which serves as a raw materia! by exchange 
glow discharge, and the method of carrying out the pyroiysis of the materia! gas, for example is 
preferably used by the 2nd manufacturing method. Hereafter, the example of representation 
about these methods is explained. 

[QQ56]£n the 1st manufacturing method of this invention, after forming a carbon nanotube growth 
start field beforehand on the surface of a base by the method mentioned above, this is arranged 
to the prescribed position in the reaction vessel which can adjust internal pressure. 

[0057]After exhausting the inside of a reaction vessel and making it at decompression a 10~ 6 
Pascal grade in the place which arrangement of the base ended, the gas containing the raw 
material for carbon introduction is continuously introduced in a reaction vessel Although an 
introductory speed can be suitably chosen according to structure, a growth rate, etc, of a carbon 
nanotube which are considered as a request, For example, it is preferred to acjjust the 
introductory system of material gas and the exhaust system of a reaction vessel, and to 
introduce material gas in a reaction vessel so that the pressure in a reaction vessel may serve 

as a range which is 1G~ 2 - 10 4 Pascal. 

[0058]As a raw material for carbon introduction introduced in a reaction vessel, it is a compound 
containing carbon, and what can be introduced in the state of gas into a reaction vessel is 
available, For example, methane, ethane, propane, butane which consist oniy of carbon and 
hydrogen, Hydrocarbon, such as pentane, hexane, ethylene, acetylene, benzene, toluene, and 
cyclohexane, benzonitrile, acetone, ethyi alcohol, methyl alcohol, carbon monoxide containing 
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other elements, etc. are mentioned. Although a raw material desirable also in these changes a 
little with a presentation and growing temperature of the kind of base, an ultrafine particle, etc, 
or pressures, in the direction of the raw materia! which consists of carbon and hydrogen, an 
impurity does not enter easily, these raw materials — although it is possible, it is more desirable 
to mix and use hydrogen, helium, etc, These mixture ratio can be chosen according to the growth 
rate etc. which are considered as a request, 

[0059]ln the place where the introductory state into the reaction vesse! of material gas is 
maintained, exchange giow discharge is caused, piasma Is generated, and growth of a carbon 
nanotube is made to start from the carbon nanotube growth start field beforehand established m 
the base surface. As exchange glow discharge, it is preferred to use high frequency (RF) and 
microwave. In this case, it is good also as composition which the base may be making the 
electrode serve a double purpose, and is installed into plasma apart from an electrode, of course. 

[0080]A carbon nanotube may show the tendency to grow up in the direction of the current 
induced in plasma. Microwave is used for a power supply, using this positively, piasma is 
generated in the cavity resonator of microwave, and growth which controlled directivity by 
growing up a carbon nanotube in the induction direction of the current in a cavity resonator can 
be performed, Under the present circumstances, as a cavity resonator which can be used, a 
coaxial resonator, half-coaxial resonator, circular cavity resonator, and rectangular cavity 
resonator, a doughnut form cavity resonator, a concave cavity resonator, etc, are available. The 
direction of the current to induce changes with modes etc, which are set up in the case of the 
shape of a cavity resonator, or use, and can be chosen according to a desired growth direction. 
[0081 ]For example, in the TEq^ mode of a circular cavity resonator, as shown in drawing 4 (a), 

current is a direction in alignment with the circumference centering on a cylindrical axis, and in 
the TE^ ^ | mode of a circular cavity resonator, drawing 4 (b) As shown, current serves as a 

direction vertical to a cylindrical axis. Even if it arranges a base so that a wail may be 
accompanied, even if it installs in the space of a circular cavity resonator, it is not cared about 
Although the causal relationship of the direction of current induction and the growth direction of 
a carbon nanotube is not clear, complex causes, like that the conductivity of the shaft 

orientations of a carbon nanotube is large and it is [ that ion, such as C + , is concerned with 
growth or ] easy to concentrate an electric field at the tip of a tube can be considered. 
[0082jBase temperature can be chosen from the range of 400-900 #*, for example, and the 
optimal temperature is good to set up according to the presentation of a type of gas, gas 
pressure, and a growth start field, etc. 

[0083]An example of the device using microwave as exchange giow discharge is shown in 
drawing 5. As for 1 1, the microwave introducing window of quartz and 1 are bases the circular 
cavity resonator as a reaction vessel, and 12. Or 14 does not absorb a macro wave, as for the 
hardly absorbed base electrode holder and 15, an isolator and 17 are matching and a detector a 
microwave oscillator and 16. 18 is a gas feed system and 19 is an exhaust system which consists 
of a rotary pump and a turbine pump. In addition, although not illustrated, the temperature 
monitor of a waveguide and a base, a vacuum meter and its monitor, a pressure control valve, 
gas flowmeter, etc, are installed. It enables it to have adjusted matching with the screw within 
the circular cavity resonator, 

[0084]In this device, after installing the base 1 in the base electrode holder 14 first, the inside of 

the reaction vessel 11 is exhausted to a predetermined pressure, for example, a 10~ 6 Pascal 
grade, The gas for dilution or growth promotion (for example, helium, hydrogen gas, etc) is 
introduced in a reaction vessel material gas (for example, ethylene) and if needed after that. 
Microwave is oscillated in the stage which acjjusted the pressure of each gas within the reaction 
vessel 1 1 after introduction to the predetermined value. The pressure in the reaction vesse! 1 1 

at this time can be chosen from the range of 10""* - 10 4 Pascal, for example, The pressure in a 
reaction vessel can be adjusted with the flow of gas, and the displacement of an exhaust system, 
Matching is adjusted here, piasma is generated in the reaction vessel 11, predetermined time 
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maintenance is carried out f and a carbon nanotube is grown up, And the oscillation of microwave 
is ended, piasma is stopped, after intercepting gas supply, a vacuum draw is carded out, and 
after carrying out nitrogen leak, the base 1 is taken out in the atmosphere. 

[0085]On the other hand, it is possible to generate the exchange glow discharge considered as a 
request as an electrode for high frequency generating, in performing exchange glow discharge as 
high frequency, and it is [ that there is especially no restriction ] available if growth of a carbon 
nanotube is not barred. In that case, the construction material and structure of a base can be 
chosen and used so that the field of a base which has arranged the carbon nanotube growth 
start field at least may serve as an electrode. Although it depends for inter electrode distance 
on gas f a pressure, etc. to be used, it is several centimeters or less and it is preferred to 
consider it as the interval which can be discharged. As for the field intensity of the average 
impressed to Inter-electrode, sn order to arrange the growth direction of a carbon nanotube in 
the specific direction, it is effective that they are 50 or more V/cm, Although the maximum of 
this average field intensity can be set up according to electrode structure, a type of gas, gas 
pressure, etc., it can be made into about 10 kV/cm, for example, 

[0088]The causal relationship of the direction of an electric field and the growth direction of a 
carbon nanotube is not clear as mentioned above, but. Also when using high frequency, complex 
causes, like that the conductivity of the shaft orientations of a carbon nanotube is large and it is 

[ that ion, such as C* is concerned with growth or ] easy to concentrate an electric field at the 
tip of a tube can be considered, 

[0087]An example of a device which uses high frequency for drawing 8 and into which a carbon 
nanotube is grown up is shown. As for 21 , in drawing 8, a counterelectrode and 1 are bases a 
reaction vessel and 22. 24 is a base electrode holder having the heater for heating of the base 1, 
and has a structure required to operate base 1 the very thing as an electrode, 25 is united with 
MATCHINNGUBOKKUSU by the RF power for glow discharge generating, 26 is a gas feed 
system and an exhaust system which 27 becomes from a rotary pump and a turbine pump, 
Although not illustrated, the temperature monitor of a base, a vacuum meter and its monitor, a 
pressure control valve, gas flowmeter, etc. are installed. It enables it to have adjusted an inter- 
electrode distance to variable in the range up to several millimeters - 100 mm according to the 
kind of gas, the pressure, and supplied power to Introduce. The counterelectrode 22 and the 
base electrode holder 24 are made the product made from carbon, for example in order to avoid 
mixing of the impurity by sputtering. 

[0088]Manufacture of the carbon nanotube in this device can be performed as follows, for 
example. First, after setting the base 1 to the base electrode holder 24 in the reaction vessel 21 
and exhausting the inside of the reaction vessel 21 to a predetermined pressure according to the 

exhaust system 27 (to for example, 10"^ Pascal), The base electrode holder 24 is heated at 800 
**, and hydrogen and inactive gas (helium etc) are introduced material gas (for example, 
acetylene) and if needed. Although the total pressure power in the reaction vessel 21 after a gas 
introduction start and the partial pressure of material gas are chosen according to the reaction 
velocity etc. which are considered as a request, the total pressure power can be 500 pascals. 
The pressure in a reaction vessel can be acfjusted with the flow of gas, and the displacement in 
an exhaust line, 

[0089]In the piace produced by stabilizing a predetermined pressure in the reaction vessel 21, 
RF power is impressed to inter-eiectrode, piasma is generated, and formation is performed for 
the carbon nanotube on the base 1. After ending voltage impressing, stopping plasma, after 
maintaining this state predetermined time, intercepting gas supply, carrying out evacuation of the 
inside of the reaction vessei 21 and making temperature of the base 1 into a room temperature, 
nitrogen leak is carried out and the base 1 is taken out in the atmosphere. 
[0070]According to the method of this invention explained above, it has several nanometers - a 
submicron diameter, and the carbon nanotube of the length of 10 nm of long numbers - 10 
micrometers of numbers can be obtained, And since the one side [ of a tube ], Le, ? base, side has 
already combined with the base, it is convenient for especially application that joins and uses 
only one side of nanotubes, such as probes, such as field electron emission and STM, and a 
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vibrator of a micromaehine. It can apply, also whan, joining both-sides junction and two or more 
electrodes, of course. It is available aiso as refining of base surfaces; such as a surface 
treatment, for example, a surface inactivation process, and high intensityHzed processing, 
[G071]Next, the 2nd manufacturing method of this invention is explained, An example of the 2nd 
method of this invention is shown in drawing 7 . En this method, first, as shown in drawing 7 (a) 
and (b), the fine-pores formative layer 1a is formed in the layer part of the base 1. When the 
layer part of a base itself consists of materia! in which fine-pores formation is possible, the 
surface can be used as the fine~pores formative layer, using a base as it is. Next, as shown in 
drawing 7 (o), the fine pores 3 are formed in the fine-pores formative layer la of a base surface. 
In this way, as shown [ the pars basilaris ossis occipitalis of the formed fine pores 3 ] in drawing 
jKd), after arranging the growth core 2 S the carbon nanotube 4 is grown up by making this 
growth core 2 into the starting point (refer to drawing 7 Ce)). 

[0072]As fine pores in this method, the fine pores formed, for example into an anodization 
alumina layer can be used as a desirable thing. Formation of this anodization alumina layer can 
be carried out in accordance with the method etc, which were indicated by the page 57 of a solid 
physics May, 1998 item in Masuda, for example, 

[0073]for example, — impressing voltage to inter-electrode [ these ], since electrolytic polishing 
of the surface of the Al layer of a base surface is carried out, this is dipped in the acid aqueous 
solution (for example, 3M oxalic acid solution) of concentration suitable as the anode with the 
negative pole and the temperature of a solution is stabilized to a temperature required for 
anodization, for example, 1 7 — predetermined time maintenance — it carries out. such 
processing — a film — being vertical (thickness direction) — and the oxide film on anode which 
has fine pores almost detailed to regular intervals can be obtained. The diameter of these fine 
pores is about 5-200 nm, and that path and depth can be controlled by concentration, 
temperature, impressed electromotive force, time, etc, of a solution. There is also an advantage 
of making it possible to perform efficiently fine-pores formation by anodization of this aluminum 
layer by electrolytic deposition processing in the aqueous acids containing the ion of the metai 
which can form a growth core for formation of a subsequent growth core, 

[0074]The thickness of the Al layer as the fine-pores formative layer can be set up according to 
a size, the depth, etc. of fine pores which are obtained in the anodized layer, for example, can be 
0.1-10 micrometers. When providing an Al layer on a substrate, methods, such as vacuum 
deposition and sputtering, can be used, 

[0075]The method of heating a base in the atmosphere of material gas (dilution gas and growth 
promotion gas are included if needed), for example can be conveniently used for growth of the 
carbon nanotube in this method. As material gas, the gas of the compound containing the carbon 
previously illustrated in explanation of the 1st manufacturing method of this invention can be 
used. As growth promotion gas, what has a promotion operation of growth can be chosen and 
used according to the presentation of the kind of material gas, reaction temperature, and a 
growth core, etc., and hydrogen can be mentioned as such a thing. Dilution gas is effective when 
easing the toxicity and explosivility of the case where growth is too quick, and material gas, and 
it can choose and use what has such an operation according to the presentation of the kind of 
material gas, reaction temperature, and a growth core, etc. Inactive gas, such as argon and 
helium, can be mentioned as this dilution gas. 

[0076]An example of a device into which such a carbon nanotube is grown up is shown in 
drawing 8 . This device has the composition which the infrared lamp 37 for heating the gas 
introducing pipes 34 and 35, the flueing line 38, and the base 1 to the reaction vessel 31, the 
collection mirror 38, and the base eieetrode-hoider 33 grade for base installation have been 
arranged, and has arranged **. The base electrode holder 33 consists of an infrared absorption 
board, and generates heat in the exposure of the infrared rays from the infrared lamp 37 there, 
and the base 1 installed in the base electrode holder 33 can be heated now. The gas introducing 
pipe 34 is a pipe which introduces material gas f such as ethylene, and it is preferred to be 
arranged so that the material gas concentration in the base 32 neighborhood may become 
uniform. The gas introducing pipe 35 is a pipe which introduces dilution gas, such as reaction 
promoting gas, such as hydrogen, and helium : etc., and it is useful aiso for prevention of an 
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infrared rays transmission window blooming cloudy with decomposition of materia! gas. [t is 
connected to a turbo-molecular pump or a rotary pump, and the flueing line 38 can exhaust the 
inside of a reaction vessel now. The infrared rays from the infrared lamp 33 are collected by the 
collection mirror 38 3 and it is efficiently irradiated with them by the base 1. Although the graphic 
display is omitted, the thermo couple etc, which measure the temperature of the vacuum gauge 
which monitors the pressure in a container, or a base are incorporated, and the pressure and 
base temperature in a container are controlled using these, The heating method of a base is not 
limited to the illustrated example, but can be changed according to requests, such as an electric 
furnace type thing which heats the whole reaction vessel, 

[0077]Manufacture of the carbon nanotube in this device, First, instaH the base which has fine 
pores in the surface as the base 32 f and the inside of the reaction vessel 32 is exhausted from 
the exhaust line 38 f In the stage which introduced growth promotion gas or dilution gas by the 
predetermined flow from the gas introducing pipe 35 if needed, and maintained the inside of the 
reaction vessel 32 to the predetermined pressure, the infrared lamp 33 is turned on and 
temperature up of the temperature of the base 1 is carried out to a predetermined temperature, 
A carbon nanotube is grown up from the growth core which is in the fine pores which introduce 
material gas by a predetermined flow from the gas introducing pipe 34, and are shown in the 
surface of the base 32 in the place in which the temperature (for example, 700 **) of the base 
32 was stabilized at the pars basilaris ossis occipitalis. As for the pressure in the reaction vessel 

32 at this time, it is preferred to consider it as the range of 10° - 1Q 5 PascaL The pressure in a 
reaction vessel can be adjusted with the flow of gas, and the displacement In an exhaust line, 
[Q078]After erasing an infrared lamp, intercepting supply of gas in the place where the growing 
degrees considered as a request were obtained and making base temperature into a room 
temperature, nitrogen leak is carried out and the base 1 is taken out in the atmosphere. 
[0079]The carbon nanotube obtained becomes that in which it became a base perpendicularly 
reflecting the shape of fine pores, and the interval also reflected distribution of fine pores. 3t 
depends for the path of a carbon nanotube on the path of fine pores, or the path of a growth 
core mostly, Although the example of drawing 7 explained the case where the fine-pores 



formative layer la was used on the base 1a providing it, the example which uses the surface of 
the base 1 as the fine~pores formative layer la as it is is shown in drawingj h 
[0080]The growing degrees of a carbon nanotube can be changed into the state where growth 
stopped in the middle of in fine pores as shown in the state where fine pores were overflowed as 
it was controllable, for example, was shown In drawing 7 (e) with the concentration within growth 
(reaction) time and the reaction vessel of material gas, etc, or draw ing 9 (e), In growth to the 
fme~pores middle shown in drawing 9 (e), an electrode can be provided in the surface of the 
layer which has fine pores with the vacuum deposition of oblique incidence, etc. 
[0081]The carbon nanotube obtained by this method has several nanometers - a submicron 
diameter, and length becomes several 10 nm ~ 10 micrometers of numbers, Since the shape of 
fine pores can be reflected, the interval of a carbon nanotube can be controlled and a growth 
direction can also be made vertical to a base. Since the one side [ of a tube ], i,e„ base, side has 
already combined with the base, it is convenient for especially application that joins and uses 
only one side of carbon nanotubes, such as probes, such as field electron emission and STM, and 
a vibrator of a micromachine, It can apply, also when, joining both~sides junction and two or more 
electrodes, of course. It is available also as refining of base surfaces, such as a surface 
treatment, for example, a surface inactivation process, and high intensityHzed processing. 
[0082]Next f other examples in the 2nd manufacturing method of this invention are explained. In 
this method, the mask which provided the fine pores which have a function as a guide which 
regulates the growth direction of a carbon nanotube is used. It may carry out, before the 
installation to the base surface of a mask, and it carries out after installation, and the growth 
core arranged at the fine-pores pars basilaris ossis occipitalis in this method is nearby. The 
former example Is shown in drawing 10 . In this method, the growth core 2 is first formed on the 
base 1 . having also stated previously as this growth core — although — although it can use, an 
ultrafine particle and the ultrafine particle which has the particle diameter of several nanometers 
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- several nanometers especially are especially preferred, When using an ultra-fine particle as a 
growth core, after vapor-depositing the method and the meta! super-thin film which make the 
uitrafine particle created with gas evaporation etc. adhere to a base surface, it can create by 
annealing at 300-1000 ** in reducing atmosphere, 

[Q083]The mask 5 which has the fine pores 3 which guide growth of a carbon nanotube is 
installed in the field in which the growth core 2 of the base 1 was formed here. The temporary 
stop of the mask 5 is carried out by adhesion etc, if needed, and it is laid in the predetermined 
side of the base 1. If it has the detailed breakthrough 3 available as a guide as this mask 5, it will 
not matter, but a majority of fine pores whose paths (diameter) are 1-1000 nm can use 
preferably the mask arranged at intervals of several or more times of a path, and the degree of 
identification or a path. For formation of this mask 5 ( the method by anodizatlon of the aluminum 
described previously obtains by using for it suitably. Namely, in formation of this mask, fine pores 
can be obtained in the oxide film on anode formed by anodization of an aluminum plate, A 
chemical or physical means removes the portion which consists of aluminum of a ground from 
there, and the alumina layer which forms the pars basilaris ossis occipitalis of fine pores is 
further removed by methods, such as etching. 

[0084]Besides an anode oxidation method, The rack etching method (for example, described in 
detail by Revies of Modern Physics and Vol.55.Nc4 (1983) by B,E 6 Fisher and others) which 
obtains fine pores by etching the track of a high energy particle selectively, Of course, It does 
not matter even if it uses the lithography method using semiconductor manufacturing technology, 
etc. However, anodization of aluminum Is excellent if a manufacturing cost, the controllability of 
the interval of fine pores, etc. are taken into consideration. 

[0085]By laying such a mask 5 in the field which has arranged the growth core 2 of the base 1, 
arranging in the reaction vessel for growing up a carbon nanotube, and performing predetermined 
processing. A carbon nanotube can be grown up by considering the fine pores 3 as a guide from 
the growth core 2 located in the pars basilaris ossis occipitalis of the fine pores 3 which the 
mask 5 has, The method using the device which could use various methods, for example, was 
explained by drawing 8 can be used for growth of this carbon nanotube. If the mask 5 is removed 
after growth, as shown in a figure, the base 1 and the perpendicularly grown-up carbon nanotube 
4 will be obtained reflecting the fine pores 3 of the mask 5. 

[QQSQlNext, the example is shown in drawin g 1 1 about how to form a growth core after 
installation of a mask, By this method, first, on the base 1, the temporary stop of the mask 5 is 
carried out and it is installed with adhesives etc, if needed. If the base 1 of there lever is 
installed for example, in a vacuum evaporator and nickel, Fe, about 1-10 nm of Go(es), etc. are 
formed with a resistance heating method, a state like drawing 1 1 (b) can be acquired, Here, since 
the metal vapor-deposited by fine-pores 3 pars basilaris ossis occipitalis has become particle- 
like, it can use this as the growth core 2. It is also effective to collect a growth core to smaller 
fioc, or to crystallize by the thing which anneal the base 1 at 300-1 000 in a vacuum or the 
mixed gas of hydrogen and inactive gas here and to do, so that the crystal face of a base may be 
reflected. 

[0087]By growing up a carbon nanotube like the above-mentioned example in this state, the 
carbon nanotube 4 of the directivity guided to the fine pores 3 which the mask 5 has, and an 
arrangement state can be obtained. 3n this case, if a carbon nanotube is grown up where the 
meta! thin film 8 on the mask 5 is left as it was, the carbon film 7 will grow on the metal thin film 
6. that is, #### [ the carbon nanotube from there ] since the metal thin film 8 on the mask 5 
forms the continuous tunic and does not form the growth core or growing region of a carbon 
nanotube — there is nothing. 

[0088] If the mask 5 is removed after growth, the base 1 and the perpendicularly grown-up 
carbon nanotube 4 will be obtained like drawing 1 1 (d) reflecting the fine pores 3 of the mask 5. 
In this method, since a growth core can be certainly arranged by each fine pores, the number of 
prevention or such fine pores can be effectively reduced for the fine pores in which a carbon 
nanotube is not formed arising substantially, 

[0089]The carbon nanotube obtained by this method has several nanometers - a submicron 
diameter, and length becomes severai 10 nm - 10 micrometers of numbers. Since the shape of 
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fine pores can be reflected, the interval of a carbon nanotube can be controlled and a growth 
direction can also be made vertical to a base. Since the one side [ of a tube ], i.e., base, side has 
already combined with the base, it is convenient for especially application that joins and uses 
only one side of carbon nanotubes { such as probes, such as field electron emission and STM, and 
a vibrator of a micromachine. It can apply, also when, joining both-sides junction and two or more 
electrodes: of course, !t is available also as refining of base surfaces, such as a surface 
treatment, for example, a surface inactivation process, and high intensityHzed processing, 
[0090] 

[Exampiejlt lists to below according to working example etc., and this invention is described an 
more detail, 

working example 1 — first the ultrafine particle of about 20 nm in diameter a FeNi alloy 
(Fe 05 nickel 05 ) to the predetermined side of a quartz substrate, Heat-treatment was made to 

distribute so that it may become a 1 -micrometer angle with the dispersion state of about ten ~ 
numbers partly, it installed in the prescribed position on the electrode holder 14 of the device of 
the structure shown in drawing 5 , and the inside of the reaction vessel 1 1 was exhausted 

according to the exhaust system 19 to 1Q~ 6 Pascal, Next, the temperature of the substrate was 
500 **, ethylene, gaseous helium, and hydrogen gas were introduced from the gas feed system 
18 f and the partial pressure of 1 pascal and hydrogen was the partial pressure of 10 pascals and 
ethylene 10 pascals for the total pressure power of these gases. Microwave (200W) was 
oscillated from the microwave oscillator in this state, matching was adjusted, plasma was 
generated in the reaction vessel 1 1 , and it held for 30 minutes. And the oscillation of microwave 
was ended, plasma was stopped, after intercepting gas supply, vacuum suction was carried out 
according to the exhaust system 19, and after carrying out nitrogen leak, the substrate was 
taken out in the atmosphere. The place which observed the surface of the taken~out quartz 
substrate in FE-SEM (Field Emission-Scanning Electron Miciroscope: field emission scanning 
electron microscope), The carbon nanotube often diameter as shown in the drawin g 1 2 figure (a) 
in the case where installed the substrate in the center of a cavity resonator and the ultrafine 
particle dispersion surface is installed in the current induction direction and a perpendicular 
direction ~ 100 nm of numbers is growing perpendicularly a little from the substrate, after one 
side of a tube has joined to the substrate face, En the case where the ultrafine particle dispersion 
surface of a substrate is installed in the current induction direction and a parallel direction in a 
cavity resonator, as shown in drawing 1 2 (b), the carbon nanotube was growing to a substrate in 
general in parallel. It was little when it compared with growth of the carbon nanotube, although 
deposition of some amorphous carbon was looked at by quartz of the substrate. 
[0091]On the surface of working example 2 quartz substrate, what about ten ~ numbers 
distributed partly the ultrafine particle which consists of any one sort in nickel, Fe, Go, FeNi 
(FeQ 5 mckeig NiGo (nickel Q gGog g ), Au, and Ag on a 1 -micrometer square as for was prepared 

as a base. Next, these substrates were used separately and the carbon nanotube by the device 
of drawing 5 was manufactured, That is, the substrate which gave the ultrafine particle 
beforehand was installed in electrode-holder top 14 of the device shown in drawing 5 , And after 

exhausting the reaction vessel 1 1 to 10~ 6 Pascal, the electrode holder 14 was heated at 600 ** f 
and the mixed gas which mixed hydrogen with helium was introduced into the benzene which is 
material gas. As for the total pressure power after introduction, the partial pressure of benzene 
made the partial pressure of 0.1 pascal and hydrogen 1 pascal as 10 pascals. And microwave 
(200W) was oscillated from the microwave oscillator 15, matching was adjusted, plasma was 
generated in the reaction vessel 1 1, and it held for 60 minutes. And the oscillation of microwave 
was ended, plasma was stopped, after intercepting gas supply, vacuum suction was carried out 
according to the exhaust system 19, and after carrying out nitrogen leak, the substrate was 
taken out in the atmosphere. When the surface of the taken-out quartz substrate was observed 
by FE-SEM, on the quartz substrate which distributed the ultrafine particle of nickel, Fe, Co, 
FeNi, and NiCo r the carbon nanotube often diameter as shown in drawing 1 2 (a) - 100 nm of 
numbers was growing perpendicularly a little from the substrate face. Although deposition of 
some amorphous carbon was looked at by the quartz substrate at this time, it was little when 
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compared with growth of the carbon nanotube, When the particies which consist of particles 
which consist of Au(s) 5 or Ag on the other hand were used, although deposition of some 
amorphous carbon was seen, most growth of the carbon nanotube was not accepted. 
[0092]Working example which produced the growth portion of the carbon nanotube using working 
example 3, next a lithography technology, etc. is described. 
[Q093]First, the following three sorts of substrates were prepared. 

(1) Ti was thinly formed on the quartz substrate (20 nm of thickness), and also Pt was formed by 
the sputtering technique (40 nm of thickness). Furthermore, nickel of 1Q-nm thickness was 
formed on it, and this Ni thin fiim layer was processed into the dot form (the interval of each dot; 
about 10 times of a dot diameter) of about 50 nm - a 1 0-micrometer angle by the electron-beam 
lithography method and the genera! exposing method. 

(2) The dot (the interval of each dot: about 10 times of a dot diameter) of the carbon of 10 nm of 
number angle was formed in the surface of the quartz substrate in which Pt membrane (40 nm of 
thickness) was formed, by applying an electron beam to some substrates in SEM of atmosphere 
with some carbon sauce (OH 4 or oil). 

(3) Formed the Ni film of about 1G™nrn thickness on the quartz substrate, heated this at 1000 ** 
in the vacuum, the Ni film was made to condense, and it was made to change in the shape of an 
ultrafine particle. 

[0094]3n this way, after installing the obtained substrate in the electrode holder 24 of the device 
separately shown in drawing 8 , respectively and exhausting the inside of the reaction vessel 21 

to 1Q~ 6 Pascal by the exhaust system 27, the electrode holder 24 was heated at 300 and, in 
addition to acetylene which is material gas, helium and hydrogen were introduced from the gas 
feed system 28. The gas pressure in the reaction vessel 21 was adjusted so that it might 
become [ power / total pressure ] 40 pascals about the partial pressure of 5 pascals and helium 
in the partial pressure of 50 pasca\s and acetylene, FR electric power (300W) was impressed 
between the substrate 1 and the counterelectrode 22, plasma was generated, and it held for 30 
minutes. Inter electrode distance was adjusted to 20 mm. After having ended voltage impressing 
after ending reaction, stopping plasma, Intercepting gas supply, carrying out evacuation and 
making the substrate into the room temperature, nitrogen leak was carried out and it took out in 
the atmosphere. 

[0095]When the surface of the taken-out quartz substrate was observed by FE-SEM, also in any 
of three sorts of above-mentioned substrates, the carbon nanotube of ten diameter as shown in 
drawing 12 (a) - 100 nm of numbers was growing perpendicularly a little from the substrate, 
Although deposition of some amorphous carbon was looked at by other portions of the substrate 
at this time, it was little when compared with growth of the carbon nanotube. 
[0098]Work!ng example which produced the needielike growth portion using working example 4, 
next a lithography technology, etc, is described. 

[0097]First, Ti was thinly formed on the quartz substrate (20 nm of thickness), and aiso Pt was 
formed by the sputtering technique (40 nm of thickness). Resist (trade name: RD20Q0; Hitachi 
Chemical Ca, Ltd,) was applied on It. and the hole which has an inverse tapered shape several 
micrometers in diameter by the usual lithography method for patterning of a metal thin film was 
made. Co was formed by the oblique incidence method from besides, and Co projection structure 
of conical shape as shown in dra wing 3 (c) was produced to the substrate face by removing 
resist after that, 

[0098]After installing in the electrode holder 24 of the device shown in drawing 8 by using this 

substrate as the substrate 1 and exhausting the inside of the reaction vessel 21 to 10~ 6 Pascal 
by the exhaust system 27, the electrode hoider 24 was heated at 800 **, and the benzene and 
hydrogen which are material gas were introduced from the gas feed system 26, The gas pressure 
in the reaction vessel 21 was adjusted so that it might become 0,5 pascal about the partial 
pressure of 5 pascals and benzene in total pressure power, FR electric power (300W) was 
impressed between the substrate 1 and the counterelectrode 22, plasma was generated, and it 
held for 80 minutes. Inter electrode distance was adjusted to 20 mm. After having ended voltage 
impressing after ending reaction, stopping plasma, intercepting gas supply, carrying out 
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evacuation and making the substrate into the room temperature, nitrogen leak was carried out 
and it took out in the atmosphere, 

[0099]When the surface of the taken-out quartz substrate was observed by FE-SEM, a with a 
number [ as shown in drawing 1 2 (a) 3 of diameters carbon nanotube [ 100-nm ] was growing 
almost vertically from the substrate. Although deposition of some amorphous carbon was seen 
on the substrate Pt film at this time, it was little when compared with growth of the carbon 
nanotube, 

[0100]The carbon nanotube was produced using various gas with the device of the same drawing 
5_as working example 5, next working example 1. 

[0101]The ultrafine particle of FeNi was partly scattered to a 1 -micrometer angle by about ten ™ 
numbers on the substrate of quartz (ike working example 1, and it installed on the electrode 

holder 14 of the device shown in drawing 5, And after exhausting a reaction vessel to 1G~ 6 
Pascal, A which is material gas, and the other gas B were introduced, Tota! pressure power after 

introduction was made into 1Q~ 2 - 10 4 Pascal, and the partial pressure of the gas A was made 
into 1 to 10% of total pressure power. The kind and combination of the gas A and the gas B are 
as being shown in the following table 1 . 
[0102] 
[Table 1] 
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In the piace which reached the predetermined pressure, microwave (200W) was oscillated, 
matching was adjusted, plasma was generated in the reaction vessel 11, and it held for 30 
minutes. Substrate temperature was 600 *#. And the oscillation of microwave was ended, plasma 
was stopped, after intercepting gas supp!y { vacuum suction was carried out according to the 
exhaust system 19, and after carrying out nitrogen leak, the substrate was taken out in the 
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atmosphere. The surface of the taken~out quartz substrate was observed by FE-8EM, As a 
result, although the carbon nanotube often diameter as shown in drawing 1 2 (a) - 100 nm of 
numbers had grown to be a substrate by every above-mentioned gas, In materia! gas No,5 - 10, 
the carbon nanotube was especially thin, the network structure paraKel to an axis was acquired 
finely, and there was Httle deposition of the amorphous carbon on a quartz substrate. 
[0103]After using as the anode an aiuminum plate with a thickness of 0,5 mm which carried out 
electrolytic polishing of the working example 8 (creation of fine pores) surface, dipping in 3M 
oxalic add solution with the negative pole and making 17 stabilize a solution, the voltage of 
40V was impressed, it held for 10 hours, and the oxide film on anode was made to form. Next, 
this board was dipped in the solution containing 8% of the weight of phosphoric acid, and 1.8% of 
the weight of chromic acid for 14 hours, and the oxide film on anode (alumina layer) formed once 
was removed. Then, after dipping this board in 3M oxalic acid solution with the negative poie 
again, making 17 stabilize a solution, impressing the voltage of 40V and holding for 5 minutes, 
it took out from liquid, and washed and the substrate which has fine pores on the surface was 
obtained. 

(Production of a growth core) The substrate which has on the surface the fine pores obtained by 
the above-mentioned operation was dipped for CoS0 4 and 7H 2 0 with the leaden 

counterelectrode in the electrodeposited service-water solution which contains 5 % of the weight 
and H 3 B0 3 2% of the weight, and the volts alternating current of 50 Hz and 15V was impressed 

for 1 minute. As a result, the ultraflne particle of Co deposited at the pars basilaris ossis 
occipitalis of the fine pores provided in the substrate. The path of this ultrafine particle was 
several 10 nm. 

(Growth of a carbon nanotube) The substrate which has on the surface fine pores by which Co 
ultrafine particle has been arranged at the pars basilaris ossis occipitalis obtained by the above- 
mentioned operation, After installing in the prescribed position of the electrode holder 33 of the 
device shown in drawing 8 and exhausting the inside of the reaction vessel 31 in the exhaust line 
36, the hydrogen gas diluted with helium 10 times from the gas introducing pipe 35 was 
introduced by the flow of SOsccm, and the pressure in the reaction vessel 31 was 500 pascals, 
And the infrared lamp 37 was ****ed and substrate temperature was 800 **. After temperature 
was stabilized, the ethylene diluted with helium 10 times from the gas introducing pipe 34 was 
introduced by the flow of SQsccm, and the pressure in the reaction vessel 31 was 1000 pascals, 
and was held for 20 minutes. And after erasing the infrared lamp and intercepting supply of the 
gas from the gas introducing pipes 34 and 35, exhaust air was continued, and after making 
substrate temperature into the room temperature and carrying out nitrogen leak, the substrate 
was taken out in the atmosphere, 

[0104]When the surface of the taken-out substrate was observed by FE-SEM, as typically 
shown in drawing 7 (e), the carbon nanotube was growing towards the outside of fine pores from 
the inside of the fine pores of a substrate face. At this time, the diameter of a carbon nanotube 
is several 10 nm, and where one end is joined to the pars basilaris ossis occipitalis in substrate 
fine pores, it grew in the direction vertical to the thickness direction of a substrate along with 
fine pores. That is, the film of the carbon nanotube of the structure where the carbon nanotube 
of a large number which were perpendicularly equal in uniform shape is located at the interval 
corresponding to the arrangement state of fine pores was obtained reflecting the shape of a 
growth core or fine pores. 

[0105]After forming fine pores in the aiuminum plate as a substrate by anodization like working 
example 7 working example 8, the substrate which has arranged the growth core which consists 
of material which uses the electrodeposited service-water solution of the following presentations 
separately, respectively, and is different at the pars basilaris ossis occipitalis of fine pores was 
prepared five sorts. The formation conditions of a growth core are the same as that of working 
example 8, except that the presentations of an electrodeposited service-water solution differ. 
Solution NoJ, (Growth core Fe particles formed) :FeSO^ and 7H 2 0 5 % of the weight HgB0 3 2 % 

of the weight solution No,2(growth core Co particles formed):CoS04.7H !? 0 5 % of the weight 
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H 3 B0 3 2 % of the weight solution No<3, (Growth core nickel particulates formed) :NiS04.8H 2 0, 5 % 

of the weight H 3 BG 3 2 % of the weight soiution No,4(growth core FeNi particles 

forrned):NiS04.6H 2 0 2 % of the weight FeS04.7H 2 0 2 % of the weight H 3 B0 3 2 % of the weight 

solution No.5(growth core Sn particles formed):3nSG4. The substrate with which the 
construction material of the growth core beyond 5 % of the weight H 3 BQ 3 2 % of the weight 

differs was installed in the prescribed position of the electrode holder 33 of the device 
separately shown in drawing 8 , and the carbon nanotube was grown up on condition of the 
following. That is, after exhausting the inside of the reaction vessel 31 in the exhaust line 38, the 
hydrogen gas diluted with helium 10 times from the gas introducing pipe 35 was introduced by 
the flow of 50sccm, and the pressure in the reaction vessel 31 was 500 pascals. And the infrared 
lamp '37 was #**#ed and substrate temperature was set as a predetermined temperature within 
the limits of 4Q0-8Q0 **. After temperature was stabilised, the acetylene gas diluted with helium 
10 times from the gas introducing pipe 34 was introduced by the flow of 50sccn% and the 
pressure in the reaction vessel 31 was 1000 pascals, and was held for 80 minutes. And after 
erasing the infrared lamp and Intercepting supply of the gas from the gas introducing pipes 34 
and 35, it exhausted, and after making substrate temperature into the room temperature and 
carrying out nitrogen leak, the substrate was taken out in the atmosphere, and the surface was 
observed by FE-3EM. As a result, when Fe, Co, nickel, or FeNi was used as a growth core, 
growth of the carbon nanotube was checked, but when Sn was used as a growth core, growth of 
the carbon nanotube was not observed, When a growth core was nickel, Co, or Fe, the good 
carbon nanotube was obtained rather than it was linear and thin, 

[OtQBjAluminum was formed by a thickness of 3 micrometers with the conventional method on 
the surface of Pt board with a working example 8 thickness of 0.5 mm, and the substrate was 
obtained. Next, fine pores were formed in the aluminum film of this substrate like working 
example 1, The growth core was made to form on the same conditions as working example 1 
using the electrodeposited service-water soiution which contains H 3 B0 3 for NiSO^ and 1H 2 0 2% 

of the weight 5% of the weight. The diameter of the nickel particulates formed as a growth core 
was several 10 nm. 

[0107]Next, after installing the substrate in the prescribed position of the electrode holder 33 of 
the device shown in drawing 8 , the inside of the reaction vessel 31 was exhausted in the exhaust 
line 38, the hydrogen gas diluted with helium 10 times from the gas introducing pipe 35 was 
introduced by the flow of 50sccm, and the pressure in the reaction vessel 31 was 500 pascals, 
And the infrared lamp 37 was ****ed and substrate temperature was set as 500 After 
temperature was stabilized, the acetylene gas diluted with helium 10 times from the gas 
introducing pipe 34 was introduced by the flow of 50sccm 5 and the pressure in the reaction 
vessel 31 was 1000 pascals, and was held for 20 minutes. And after erasing the infrared lamp and 
intercepting supply of the gas from the gas introducing pipes 34 and 35, it exhausted, and after 
making substrate temperature into the room temperature and carrying out nitrogen leak, the 
substrate was taken out in the atmosphere, 

[GIQSjNext, this substrate was put into the evaporation apparatus, about 100 nm of aluminum 
was formed by oblique incidence by resistance heating, the surface electrode was formed, and 
the structure shown in drawing 9 (e) was acquired. Install this in a vacuum eva\uatlon system, 
make a substrate a ground, and the surface electrode (at drawing 9 (e), it displays by 5) formed 
in the substrate face is used as a grid, The anode was provided In the part distant from the 
substrate upper part 10 mm, and where the voltage of 1 kV is impressed to an anode, when 
positive voitage was impressed to the grid, the good electron emission from the carbon nanotube 
of a substrate to an anode has been checked by 150V. 

[0109]A thickness of 2.5 nm was made to vapor-deposit Fe with a resistance heating device 
using the Si wafer purified as working example 9 (formation of a growth core) substrate. When 
this was annealed for 3 minutes at 800 in the atmosphere of hydrogen 4 capacity % and 
helium 98 capacity 94, the state where the uitrafme particle of Fe with a particle diameter of 5- 
100 nm was distributed quite with high density on the surface of the Ss wafer was acquired. 
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(Production of a mask) After using as the anode the 0.5-rnm-tbick aluminum plate which carried 
out electrolytic polishing, dipping in 3M oxalic acid solution with the negative pole and making 17 
stabilize a solution, the voltage of 40V was impressed and it held for 10 hours. In this way, dip 
in the solution containing 6% of the weight of phosphoric acid and 1.8% of the weight of the 
chromic acid which held the oxide film on anode once formed on the surface of the aluminum 
substrate at 80 for 14 hours, and it removes, After dipping in 3M oxalic acid solution with the 
negative pole again and making 17 stabilize a solution, the voitage of 40V was impressed and 
ft held for 5 minutes. The oxide film on anode (alumina layer) which has fine pores in a substrate 
face by this operation was obtained. 

[Q11Q]Next, the portion which dips the base in which fine pores exist into saturation HgOlg 

solution, and consists of lower aluminum was exfoliated, And held for 1 hour in 5% of the weight 
of the phosphoric acid aqueous solution held at 30 more dissolved the fine-pores pars 
basilaris ossis occipitalis of the alumina layer, fine pores were made to penetrate, and the mask 
was obtained. 

(Growth of a carbon nanotube) The mask of composition of having mentioned above on the 
surface which Fe ultrafine particle of the substrate obtained by the above-mentioned operation 
is distributing was carried, and the angle was fixed with a paste. After installing this in the 
prescribed position of the electrode holder 33 of the device shown in dra_ win&8 and exhausting 
the inside of the reaction vessel 31 in the exhaust line 38, the hydrogen gas diluted with helium 
10 times from the gas introducing pipe 35 was introduced by the flow of SQsccm, and the 
pressure in the reaction vessel 31 was 500 pascals. And the infrared Samp 37 was #*##ed and 
substrate temperature was 700 **■ After temperature was stabilized, the ethylene diluted with 
helium 10 times from the gas introducing pipe 34 was introduced by the flow of oOsccm, and the 
pressure in the reaction vessel 31 was 1000 pascals, and was held for 20 minutes. And after 
erasing the infrared lamp and intercepting supply of the gas from the gas introducing pipes 34 
and 35, it exhausted, and after making substrate temperature into the room temperature and 
carrying out nitrogen leak, the substrate was taken out in the atmosphere. 
[01 1 1]When the mask surface on the taken-out substrate was observed by FE-SEM, it was 
checked that the carbon nanotube is growing into mask fine pores. When the mask was removed 
and the substrate face was observed, a with a number of diameters carbon nanotube [ 1Q~nm 3 
was growing perpendicularly from the growth core of the substrate, where one side of a tube is 
joined to a substrate. Growth of the carbon nanotube in the portion which is not equivalent to 
the fine-pores portion of the mask on a substrate was not seen. That is, the film which consists 
of a carbon nanotube of a large number arranged with the interval perpendicularly grown up and 
specified to the substrate reflecting the arrangement state of the fine pores in a mask in uniform 
shape was obtained. 

[01 12]The mask produced like working example 10 working example 9 was installed on the Si 
wafer, and the angle of the mask was fixed with a paste. And the substrate was put into the 
evaporation apparatus and about 5 nm of nickel was vapor-deposited at right angles to a wafer 
from the mask upper part by resistance heating. The thin film of nickel was formed in the mask 
upper surface by this operation, and the particle-like Ni film was formed in the fine-pores pars 
basilaris ossis occipitalis of a mask 

[0113]After installing this in the prescribed position of the electrode holder 33 of the device 
shown in drawing 8 and exhausting the inside of the reaction vessel 31 in the exhaust line 38, the 
hydrogen gas diluted with helium 10 times from the gas introducing pipe 35 was introduced by 
the flow of SQsccm, and the pressure in the reaction vessel 31 was 500 pascals, And the infrared 
lamp 37 was #**#ed and substrate temperature was 500 #*. After temperature was stabilized, 
the acetylene gas diluted with helium 10 times from the gas introducing pipe 34 was introduced 
by the flow of 50sccm f and the pressure in the reaction vessel 31 was 1000 pascals, and was 
held for 80 minutes. And after erasing the infrared lamp and intercepting supply of the gas from 
the gas introducing pipes 34 and 35, it exhausted; and after making substrate temperature into 
the room temperature and carrying out nitrogen leak, the substrate was taken out in the 
atmosphere. 
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[01 14]When the mask surface on the taken-out substrate was observed by FE-3EM, it was 
checked that the carbon nanotube is growing into mask fine pores. Formation of the carbon film 
was observed on the surface of the mask, When the mask was removed, it was growing up in the 
vertical direction from nickel growth core which a with a number of diameters carbon nanotube 
[ 10~nm ] formed in the substrate face where one side of a tube is joined to a substrata face. As 
compared with working example 3 t there could be few omissions of growth of a carbon nanotube 
and were able to raise the utilization efficiency of fine pores further. This is considered because 
it becomes that it is [ arrangement of the more uniform growth core into each fine pores ] more 
possible to form a growth core after laying a mask on a substrate. That is, the flfm which 
consists of a carbon nanotube of a large number arranged with the interval perpendicularly grown 
up and specified to the substrate reflecting the arrangement state of the fine pores in a mask in 
uniform shape was obtained, 

[01 15]The mask produced like working example 1 1 working example 9 was installed on the Si 
wafer, and the angle of the mask was fixed with a paste. And the thin film which consists of 
construction material shown in Table 2 by RF sputtering technique to the field in which the mask 
of this substrate was laid was formed in thickness of 5 nm ( and the substrate with which the 
construction material of a growth core differs was produced five sorts. 
[01 1 8]These substrates were used separately, respectively and the carbon nanotube by the 
following operations was grown up, 

[0117]First { after installing the substrate with a mask in the prescribed position of the electrode 
holder 33 of the device shown in drawing 8 and exhausting the inside of the reaction vessel 31 in 
the exhaust line 38, the hydrogen gas diluted with helium 10 times from the gas introducing pipe 
35 was introduced by the flow of SQsecm, and the pressure in the reaction vessel 31 was 500 
pascais. And the infrared lamp 37 was *#*#ed and substrate temperature was made mto a 
predetermined temperature of the range of 3QQ-12GG **. After temperature was stabilized, 
ethylene and acetylene gas (the mixture ratio, 1:1) which were diluted with heiium 10 times from 
the gas introducing pipe 34 were introduced by the flow of 50sccm, and the pressure in the 
reaction vessel 31 was 1000 pascals, and was held for 60 minutes, And after erasing the infrared 
lamp and intercepting supply of the gas from the gas introducing pipes 34 and 35, it exhausted, 
and after making substrate temperature into the room temperature and carrying out nitrogen 
leak, the substrate was taken out in the atmosphere, 

[01 18jWhen the mask surface on the taken~out substrate was observed by FE-SEM, the 
maximal growth temperature of the carbon nanotube in each growth core became as it is shown 
in Table 2. The result of having evaluated the characteristic of the carbon nanotube by the 
conditions that the thinner one is good in a straight line was also shown in Table 1. 3n the growth 
core which consists of nickel, Co, or Fe, the good carbon nanotube in low temperature was 
obtained so that it may understand from now on. 
[0119] 
[Table 2] 
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[0120] 

[Effect of the Invention]According to the 1 st manufacturing method of this invention, at a 



http://ww4.ipdl.inpit.go.jp/cgi-H 2010/06/08 



JP,1 1-01 191 7, A [DETAILED DESCRIPTION] 



21/21 ^— V 



comparatively Sow base temperature, a carbon nanotube can be directly formed in a base and it 
becomes possible to expand the width of selection of the construction material of a base. The 
characteristic is uniform and the directivity of growth becomes possible [ manufacturing the 
carbon nanotube Improved more ]. 

[01 21 jAccording to the 2nd manufacturing method of this invention, a growth direction becomes 
possible [ forming directly the carbon nanotube arranged in the predetermined direction on a 
base 3 in the uniform characteristic, 

[01 22]According to this invention, the unnecessary carbon nanotube of purification treatment 
can be provided, Since the carbon nanotube obtained by this invention is provided after the end 
has combined with the base, and it can moreover be formed by using a base as an electrode with 
the construction material in which a function is possible, it is available as an electronic functional 
material as it is in this. 



[Translation done,] 
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7- y 5 1 a - y % m ft £ £ c £ i z j; § * - a? > -7- 7 ^ ^ 

31® £ - y ^ n - ^jfcSBfljgjfWSfc^AMfcfiR L 
fc»*£Mfi35i£:§§§RlciEeLfctt!gT\ S?JS«Affl 
<D JI> 14 £ ^ISSSSgH # A L , frol 

mf % z. t *&m t f * * - *>7- y ^ n - t^shs* 

[ft>J?JS 2 ] iulHXaft^P-ttW^JSra-SttWSfcW: 
[»5R*3] M!3a#CD*-*>^y^zL-^mSPfB 

[IfjRH 4] *™rtt'>^y^3.™ ^fiB*M*SfB«fl«» 
&Jlffl»&?7?fc*»:0cJ8 1 ~3<Dt>-rn3bHJ:fBKco* 

[ftSRJS 5 ] *-*>^y^a - 7m&m<fe®i*L£>\ 
Fe> C oSl?N i (D^-?tl&cr>&m&tt? ZtA&JR 
3 * fc 4 icSBKfl) ^WilTJ^c 

[W*iS6] *-5jt>±y^^-^J5Kft^^6\ 
ggS*it# 6 ft * »2d&H 3 icKtt© A-r/t/fa- 

m&mai mmmnti'7.t\ mmm Amount* 
mijTs^tsm^T&^n^m i ~ 7 <o^r ti&tcie 

«(D^-#>^-y^o.- 7(D^ifi7J5£e 
[|f3cJI9] Ml3^*^3b\ K*S»Affl<D£R»t^ 
U -5 A #7. tr;i£-%T-& SfSSftlH 1 ~ 7 CDl^-ftl-fr 
1C|B*CD *--jt>^-y^3. - 7G)S Jfc&;£„ 

IBffiO) * — <K V "7~ y ^ ~l — ^'<7)K ii^So 
[If^iB 1 1 ] 83SBK(&&&l*aa)E*ltf 10-2-10 

4/<x*iu«oigHTaBsai3?« i ~ i ooDi^masciB 
»<d * - ft y ± y ^ o. ~ ynw&ftfe „ 

y . &oi7i'7G stoffiMtSM't'?:/^ x ? £ 

Kffls1S|«Jg»4'U:fclt««3lt<OKie^iRi(E* 
-#>^-y^^-7 > ^mS*-yr^ft^JS2~l KDt^-r 

[ff^l 3] S(SS»4>lcE«Lfcafl:±H:*-!iK 



(b) Mf3$ffi7LO»saptc^^figR+S^^i:LT. E£ft 

■fifo^mm nc <fe y am l t * - y ^ a - 
y^n-^'fioi^it^^o 

[If 35311 4] ffiffiBtttfOTlcT'Jl/S^AH**! 
U i%S<W<Dt&7 )\j 5 - 7 J*Z)NMiSHb4!i9(;: «fc y 15 

1 3 lcSBIK(0»ift*S6o 

[ffiff 1 6] ^»J«*RtfE«*ftfc»*Sfl5lcaa 
[»5RJS1 7] SttaElcg&K^X*£t8«LTt&K 

5RJI1 5 icmmommxmo 
m&m i s ] mtmmmt>\ mmmc £ y HjfiK^n 

13-17 lClB«<7)WiI*»o 
[ m$Zm 1 9 ] ffifBftR^^ Fe, CoMNifr6 

ft*»*»6ai*tifc'>a: < i ffl^^feit ^ 1 3 ~ 

limm2 0] Bul3*-*>^y^rL-^<DBg«6\ 
MJS^^Xwaa^tc.fcy^n^lf^i 3-1 9 

[000 1] 

t^/ t-r if <0«1igttSt LT^JftlcfUffl RTIBft*-# 
[0002] 

try y y x i-xe* Ltcmn* 
^Wkib. M&itL. 8 0 0-1 400tr«t. i 

5 0 0-30 0 0 ! CTS;M®ST^^?£T-2d^o C5L 

[ooos] cnt(4gyicifi^«ft*nfc*-?Kv^-y 
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-yitti-7fiyvT:^ttmmm<Dmvj5 j P : ?-3--y(D 
±s ic «fc y &mft ic ft -o tc y mmi&mc izzzttfrnm 

(D tt—t-yyyf^—ic-oi^T 

[0 0 0 5] J-XTtC^f£ofc3ffl^<D^73^CO^T 

©PAN S* — 7 7- -f M— 

mmztf'JT? U □ - h y ;U£/B^TMffif*:<ZMI**» 

BtaMRft. £ 6 lcaeili7 , Nfc«aflSJ$£ <h *>ft SJMIJMb* 

mitmttnz, &tc. y uny.^^pzy r -< 
s£#»fF£ a n ?l s c <t fc: <fc y m m as «g s ts<y t << t x- 
<Dms is i=s5"j -r * <*: -5 ic * y » # l < m±? % 
z. t t>m enn^o c a l 6 p a n mft - # 

>yT^fiK— iZi&Rm (General Purpose, GP)?V— 
K> 33«fctfSKBS (High Tensile Strength, HT)*Y 7 

® tf y — 7 7' -f / \— 
y ?Jki3—$ V 7 7"T / \*- tf y ^fr 6 o < 

SJt^P-fe:Xtt±IB<7)P AN^-#>7 7</( 
-icSftlLTJjy. *lMt«raL ffiSXUlK.fcS 

[0 0 0 6] *V7x-X3Rt^^3R«*»tittP AN 

Jkij—^zsy t 4 ) K—<Dm-g<D£. o ft x ft 

< Tt>«lSlpl<7>S»ftE$iJtf»S*U MMKKIBOQIUHi 

ey^*K*«IIIB:*»14*(High Modulus, WW* ^7 
?»y:|3*<Dtt£*m£ LT)i@^=h.Tt^o ^751*^ 
y ?%Kft»lifcJ: G P-7 U- K^M LT33 y S&fWft £ 

® flffi l&KS* fJ — # V 7 7- -f / 

i-tswft 1 m^mtt. vTijxizLT^y 
-eymfzz i o s 0TmmzimLtcn$5.tpfricmv& 



1*77^/ <-<D$tSastC F e 3 C ^ffiT -5 C £ icft S 8 

[0007] mzfttcyrj /i-tetpfofrZ^Q+i.- 
y\ ^iavm^mmm. mammae®,?! l 1 nmi 

tc'botmz.ZftZo z.<n&or*3-D_~yteWt*mm£ 
Lz-mtmm*%timftM Lfc^tctmen?., g. 

G. Tibbetssti* £ >#7.^:ffl^T i t J i5j*Sft7 7--T /\- 
ft^f^nSCi^J. Crysi. Growth, 73 (198S) 431 T 

[0008] ftmfc&£™mmcwt&zttitT&<is 

-7-f>^*i (Seeding Catalyst Method) t. fti^^M 
*8^{t>?JS?-t±^>S»3M^^(Floating Catalyst Metho 

d) trass,, at»««Ea?t*7 7"TM-©a!{j«ffl < J/rn^ 

^ofc^ttJCft y-¥>"Tl\ ^fclshioka £>\,&$-^> 

xicTiimt—mitmmmf— mtmm<D : M-£i3x*m^ 

Z>z.tlc<kvy7<</ i—<Dfk&&fo±?Z>£ t . S TcM 
mtLTyxn-tyt&mJ'-tJ-frTlZT b^-f h©;g 
■g-^^fflt^ C t IZ <fe y * 6 7 7- Y / S-C0jft$#fS}± 
■r^Ci; ^Carbon, 30 (1992) 859 JScfct^Carbon, 30 
(1992) 865 lCj5t>T8t^LTt^ 0 

[0009] v- t^v > enfc 77-f/ K-im 

ftfc-S 2 0 0 0 "C#aT^g«it^l8a L. 2 5 0 0 X 

ft&Ltc? t vmmimmmmtt&mL 
fti\ cn6<o7 3"r/<-*2 8oo°cJii(±T«Hffls-r 

[0 0 10] Cti6©SSia5&^f*Wlc*S4:. PAN 
IS. tTy^THi^SCtf 1 5 0~4 0 OTOSBSiT'W 

«ib. **wt<D!!&*wiff&g?**o f ftfe-e 13 0 0 

o C^jfi<7)iasa3S7^*'fb*nfc0e*«<Dt*ifS4<l:. 2 8 0 
0 °CM5fiTlird'fbi'tlfcH& x «<D«^6^«o CCDft3^ 
fflSlc t «fc ft o Tffi^titiSP Lffita*l*»'i>-r S«IrHC 
Wf^U^^^ i: fcfcfc^TJ'tt tf y PAN 
^V7i-Xt*7m S;fflfig«IS<D|lilcffiS. 31 

tt*-/Jt'V7 7'-r/<— TttT^EBaPHa^O. 3 4 4 nm 

^L«*gj*«^*-#V77'Y/<-T-{*2 4 0 0 C C1X± 

TMSKmrnzto? t zpmmfflMff o . 3 3 6 n mmm. 
ic ft y as Wft«ii«ji*i«» sn*c c nti^^ffi^s 

[0 0 1 1] iX±f3^Lfc^Tl#6n^*-*>-7 7' 
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(2) ts-Ky-r; 7-3.-7[c^z 
^waifta —tf>i-s i f-n.—zriimfi3—#y7T4rt 
zimmm. ju m jji±a)** ^fflst^ttwtm* *j - m 

mzij-tfy-t- y 3.-7 twzf. ti-tfyi-s?*- 
7co m m ic t* ^ ; v y t x m % a - # > & n it -r § *■ ^ t> 

[0 0 12] £ - ?K > ^ / * a - 7<&«!l & lc teSlft * * 

<^LT2a^p6nr^§ 0 #>7 7"f 

Sfflt^*aT*S5„ fW^X^ffl^S^&MtcT' 

So 

[0 0 13] 1) tt»S*ffl^fcflft#»S 

TifcS. CW.fcd&SKfcfcC. E, SNYDER 6 AMli^^W 
0 8 9/07 1 6 3lCfB^LTt^o Z<Dl5 : MZ. JSS& 

Bf 1 eflSifi^^i A LT ts - #yi- J =^ a - X£'# 
S7J&T&S, C LT& x 

$x 7a;\*x 72 's+tf-Vs ->^p^+j->% 

HUXV&£tD^fiSfni3sft*^ T'HzhV* 

* fcflm#X £ * *(7)i±tt 1 : 2 0~2 0 : 1 #S»T- 
S*J, SlttFefflt MUiFeiMo, Cr> C 
e Ztclt M n ODg^fttfftgJtlTS U » ^n£'<»*i<tt 
(fumed) 7»JU5 ^±lcf\HI* -t*T33 < fim^mmZft 
Tl^ 0 £J&gfSte5 5 0~8 5 OX<DmmZ\ #X<D 
%tmi* 1 YV^-S^/cUtK*^ 1 00 s c cm. 
^ismUJ3 7,& 2 0 0 s c c mgJtjbW £ L < . 

?#alt3o»~ 1 mrsm&T7j~^y^o.~7^m 

[0 0 14] c3 LTi6WA-*'>f a-7W 
teffiMtf 3 . 5 ~ 7 5 n mgS7» U * SeHillflcD 5 

~ i o o oimmtZo tj-tf><DM3 m&it ^ a - 7 

[00 1 5] 2) T*— 
Nature Vol, 354 (1991) p. 56~58U:fSf u 3"*lTl , 'So T 

-^mm^t^ t , /hj>i oo to r rcom<mn,*T 



— # vt-x ^ a - 7&ft <Dmm<Dmm<D— ss#u: 5 ~ 2 
onm^mmmtL^tmcmmt^o ^<Dt>~^yj^ 

-7l*lS@4~3 0nmTUSi)1 fim, 2~5 0*D 
^ a - 7«£D A - * >tt I o fcH tt«3ftT» U . 

^(Dtj-TFycDmmnm&mcw-tJimmmmmzn 
— srr So ? a. -7<D$t4ffit*^>« y ij—tfy<D* v 

[0 0 16] Scfc. T. W. EbbesenSttT'— 
*-/-K>^-y^a.-^^«lC^Bg-rS*#^Nature V 
ol. 358(1992) p.220-222ielBttLTt N So l§@K|S@ 

0Torr©»M4iT*ft18V, 1 0 0 IKC0T-7WL 
5 0 0To r rOT^'iA-*>fy 
^a-^CDiy^*^ < % 5 0 0 T o r r J-X±T^^t* 
»*M'i>TSo 5 0 0 T o r r fci* 

PKWcD^-TKv^-y^a-^cDiiJ^W 7 5 

tA-r/tyf^- 7<7)iR**t*f£T l fco * fc^- y 

-T- a - 71&%M LtciJ- *y P -> K<7>*i&#aic* < # 
itTSo 

[00 1 7] 3) *JH»»8*>^X-*£ 

75 Wic - m.mmt m cm 

5F7-6 1 8 0 3^ISicP^LTt % So <i:tUc<fe^> 

7 7 ;HJV^'X^:<1:<D»H»T\ 1 0 0 To r 

r iX±©JE73U: U iiVIH z (OXMftCiJ: y^H+lcSI 
#7"7X7S^?^ c * ~ * > »f« ^ s y iA 

S„ 7-5 X^*C0)Mft« 500 0- 20 0 00 

KtCJSLTJjy. CcD^o^^^^X^t*^ I C P 

(inductively Coupled Pias 
ma) tmtftZ, 

[0 0 1 8] &3b\ s&H^a-^CtS— IttttlC^U 

^■rsOTT-^samtcfc^T^J-^iBSjKr^ffl^So 
[0019] tx±^®mic $t4&§t, 11 iCtt&O 
[zt>-tfy7 7"<i %-\t. micw-fiz ^ ol - 7^<D 
«S*iB#«&LZV£l^iai (a) [z^t^o^WM 
^*L. Mii^fUffl LtcgLffif&ftM&Zltm 1 (b) CD 

ftfflS«BtA^6ft*o «a«3fttt^iam. ) *'^S*\ 
*a>SBiH:3Lnfc*ai<7)Be*3t>«^ < #« LTfcy. T 7 — 
^K«ST-»Hi1 (c) <&<fcdlc*/&lcttlc*FfirT.a-3 
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#><Dttitm*t'j>isi\ z.(ot>—#i'j-s?-3-—y<o^ 
lU^^T^m^cDmmm^mi (d) icm-r, 

[00 2 0] 

w- ^ * - # v i- j ^ ol - y <d m m tu , m <=> n ^ ts - # 

* y =}- n - ^ifijffl lc|& LT. %mk\Z i°]iR L 

HJML%tftU*'%6%:<A, flJ;U*'x LTf'J/BL 
cfe3fr^-&lC« A. G. Rinzler5«:SC!ENCE Vol. 2 
69 (1995) p. 1550-1553 iCjStfftTl^S <fc 3 lC*— # > 

— if-y-y t- -r / i—<F>^&\znJ±?%>ts—&yi-y 9- a. - 

€. 0 $7c. Wait A. de Heer S^SCIENCE Vol. 270 (19 
95) p. 1179-1180 fc<fcO-SCiENCE Vol, 268(1995) p. 845 

i-y^^-y^mmLtcm. -t^-vyy-auy-zm 
^Tmm±\,cT=L-y&?LTc-&z'%.T-m&i'¥mLT^ 

-So 

[002 1] v-^V V^t7)j^£^fcJ»#»ST«6i 
»*±l C ffig* ^ a - 7 -ttS C 1 
Sffi^lS^ 8 0 0 °Cfl!t£K < t§5ET^i&g 

# * y > * fc j*s-r -s * - a? y ^ a - ^(d^isi t m 

[0022] tretcj 7 -^ tt«Ti**«j»# 

y » io^i>t/*i~ y<Df$,m&ft(D : Mmt>mti> 

—■&y-)r j =f- 3.~y^mM.^ j ±^ z. t izt*ji&t:& -o 

Jt3!«j[1 0 0 0°ClX±£^5gU:;glMD?\ »*±tciS» 
[00 2 3] J-X±fr638£*ft£<fc3!£&H<Dtt«fr6 

yizmmt %>z.t w&T&Tnmmiz* 

'Set ic ^ 0 

[0 0 2 4] "T^-Sv *«S!l!<7)a«]W\ hUSWffija? 

»*±ic*-?k v^y ^ a -^j&g* -^m^m^m 

W?2>Z£lC&Z> 0 
[0 0 2 5] *»W<Dfl&©a«H*. «*±IC1$14<0JS- 

rsts~~7f:yi~ y ^ zL-y^m^^m^^mmt^ 



[0026] xmrncownrnm** mw±ici5mi±&^ 
v&mzntc*]-#yj-y?^-y*mmz-&m2>j3%; 

iHttT -5 c > ie ^ -S „ 

[0 0 2 7] *K«0)Mgntt t »*±JC#5£<D7?!p! 

14 L fc ii - * > ^ y =j- =l - y % m ft £ it z t <n t? 

[0028] ■&ma<Dm<Dmm&. m»±m^m<ofiam 
T'&mco -h - # > f - y ^ =l ~ y %mm * * § c £ <dt 

[00 2 9] 

tfyi-y?- o- - y<Dmi£.tt£T°£> o t« a® tc* — 

mtmte±icti-7£yj-y7-3--y%:Wt!$.-*z>z- 1 
mttZo *mm<Dmi<DW&J57&-?tet!-my±y 
J-?.- y commie y □ -t&ntsmm c: (7) 
- teftv* t 7 - y mm t mmc esu -£n%> t. cd t ; a& y > « 

TtC^<DatMeo^Tlll2^ffiL'>Tlli3^-r^ c> &t>, d 
-SWi:7'-^St«i:C)l««lc*5tNT«3£3itT'fera«lT 
[0 0 3 0] BI2«:iaa3S:E*S»<D4'TiEftCD«ffilH 

tjc*> 3 'j> ls¥ l < y p - 7*- y n*mc o^TxE 

(D^P-fifem 

?a-ft*H:E2>#0n 0 0 0/\°X*jUi-XTT««?l 

^,yu-iAm.z-immmt^Txbymm (BiBss© 

ll^He, N e^^'T-metl^) . SffiBf 

®T~-ymm 

r-yi&nvi&ya-nkw.tib'<Tn!±tj< i o i m 
66 tc&«$ijt*i±^T^ oti^o T—y im.T-\mm 
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[0031] T-<ptkmmz^Tij-^yi-y^=L- 
t—*? wtrnzmmz ntcmmmm^ 6 vtm&mm l x^ 

&i#x y-T-u.-- ^com«3bM#en-^-ri^si^<D <t z. 
[0032] mz, i&ms.mmzf^x^tms.mmmy 

353iE (*JB*ft$trt tt,lcffifffi««^X^T* 

So f&m^.n.X'y x^ it —mz i o4/\x*;hxt© 

EE73X^£3--t!:S X^ X^Z& y . «8tJt3bM£<X Xt> 
iZ^tSX&fttel-Zo *LT* X^X?*X«^¥$j%: 

{*aj£i*st 1 ootfr6S<iti ooo °cmmz& 

So 

[0 0 3 3] — «mJ±«S6X^X^tCviX~^S?« 

ic&z&ot. ns.mmmmmy^ x^r iz «fe s^^as 

S6X^XvtcibKT'>%t\ ceoffiEESSSftX^X^m 
— SSic 1 04jiXtul>&L±<DEE.JlT*m£.U XX X^* 

<oajStt»i ooo~2oooot[ei« 0 ffijiffiii 

1 OA<0«atS3f[Lfca'r;b*l!:S6«LfcE35«rt-??fi ; 

t>nSo 

[0 0 3 4] *^0§<D* 1 M«OSE3ft 

x □ t 7 - * wswjatt 

<D»*ftffl^SC<hmi£^f6X&So *fcx «J±« 
9 «IS W 75X7?li75X74i tc«# ft RUT Set 

«<6EE{ft«SI2;X X5 X^?* TM*-^^b7)C*^: £:<7M 

*vfto<y» ^nftX^x^iSflsto^tc^-rs 

U:<fc'X SttflSKa-tfVXy^a-Xftfifcfitf-ttS 

[0 0 3 5] *5g0^CD*-/K>^-y^i-XCDM2«Dl^ 

a - Xft JSft£ -tfS C t [c * S ii -#>Xy * a - X 
<DS!iI£ST»oT» (a) SftU:. IHPfttf-LTfl-SP 

tmm Lx )isr4c,«M^ffistrtifc^fLftssvtsxg 

(b) »E«?L<Dl6ailcfc*jSS«ftiej££ LT. 
fiKfi^|plftK«B7Ll«:«fey«WLT*i-#>Xy^a-X 



[0 0 3 6] C©*2<DSjfi£»?»*:giBjU:l&W-6ft 

s*-#>xy^o.-x<7>j^s^^ift«*ij-rs^'r K<t 

LT«7Lft»ltS*S6^ *S#icM»?lftifiWXc?7.? 

ft mtemmicmw? sucdtj* ic <fc o zm&tt s c £ # 

ZZ So 

[0 0 3 7] C <&*«IE<&a5 2 <D73-;2Hi, 3Stt±ic£~ 

^v^-y^i-x^^Mft^-f KrsmaftKitx *<d 
mRmmzmmm*mw.Lrcwmz\ ^~*>tyf2 

-Xft/$fi?-£S7j;£X&y. «»±K#ttCDE}— ft* 

-7ft>xy^n-Xfta«ms*-y-sc^^x5-So m 
ffl?L©^ipjtt^a)ffiaft(tijffl)-rsci:T\ n&co 

TJfRltc. ^SiH*^£DF^!5IX^©*-*>^y^i 
-XftSf*±KilSJ&KS-t£SC i^T-^S„ 
[00 3 8] 

immmmmmi *mmm 1 2 <oiii^ 

Sf*fgffilctSltfcmSffi^J§l!*fc«m^ftlg 
LZmm LT*-?K>Xy*:i-XftJS6*-y: 

So u(DA-#>tyf2- Xfi8*iwte««* t*fi8« 

#>xy t 1 .-!- xomsft BB»*-a:atM»»*awtT* 
snMSfc»^ai?»i; Lzmfi&znrc'&oz&ftigm 

[0 0 3 9] fb^fflfi)6CD^blC«J:oT*-dt-V^-y^a 
LWSJa^<D8P»ft*i$lcftM-rS73;ift^lfSC<!:^ 

*fc. fta«JBtt<oaE:^bi=J:oT*-/i?vxy^ 

S^ii'<D73j£ftff S LL^^cDi: LZmifZZtftZ^ 
So <I«cfco ic*ft±lc A-*>t/fi- XfiB«BB*& 
ii«ftlSttT*5< CttCjcoT. 7t)b77'7*-ry 

«n&£%So 

[0040] ib^fflj5Bft^b^fc*™*vxyx3.- 
3. - xofiRSMteft J; y Sd*e*ii!:fli»Riijgfta;»ftmfi8 

W^ftjff^^^^Di: LTPlfSdt^T^So dtl6#: 

m, ! tbL<mmmz>mmi&£i.zit, Fe, tk v. 

C r, Mru Co, Cu, Mb, Mo, Pd, 

w. p t iz£"(om&&m. ^v^y-Y KtcSso-s i c 
&£*^if e>nSo ctib©*m ^b7K^<Djjtt*^ 

SJSftffiJttf-tfSC ttfRl«6a*M*aT*26S Fe, C 
o. N i ^ft6ft#t>Y>M™%£<D^##<fcy»i: 
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[0 0 4 2] aanfrf i LTW*±tcfflje*-a:*35at 
[0043] ftfc\ cnewtt^e^^jffiaie^i, 

5citf?-J5 0 f&to-S.. 1 04/Oc.2j;l/fSlg©7'Jl/ 
3 >ft ^©Tiftt^x^ T\ ; u*.y *ft <*: : * ffi f-T#JI £ 

fc y f^tttffc t,5JSgTS-So C©cfc5ft75- 

c t ic & vmm&ttmz> zt^*j&?$> 

[0 0 4 4] JblcSJffll^tl^Si: LZ^=FV)*'f)\s 
ft £©#X^#£ET-S S E M (Scanning Electron Micro 
scope : j£2£!«?ffi»St) ft ifWt?«* W*±I=BW* 

[0 0 4 5] ftfc\ nsfwa^j [COl^TW:JJlT©<fc3 

*--*fl*)fci81«#&* 0 t-&t>%. >h^mt^ mm 
-K. rjffi«K^j J; t)t)?6 ic/h* < IB? ©Sil«»Sffl 

ttft<, if<7)<*: 3 ft14ftU:;£@ LTftm?Z>MC&V& 

[0046] mmnm&mm 14 si* $#s? j 
[0047] f*m-znmi- t^ot^ic it ; t<Dmm.tf 

tcl^tcl^ 2 ~ 3 ju mSfg^6 1 0 n mflSSTi U # 
icS^lfi^tt^a -t^iC^IMI* 1 0 n mfijgjb x 6 2~ 

2 ffl^ 6»+~»wfflieje© a#« * 5» x * - 1 

-So J (19 5 <^-V 2 2 ~ 2 6 R@#PI) o 

[0 0 4 8] ttmfzt, mamm^mmm "u-mu 

TfHttSSfc'haX* ^©cfc?ft<fc©T-5&ofc 0 



[0 0 4 9] rMam^afUHjetHflEO) "S1»7p 
5>x* h" (1 9 8 1-1 9 8 6) T'fi. 

ffl) tffc'J:^ 1 ~ 1 0 0 n m^BOtCS "SMS 
=¥■" (utlra fain particle) i^Sd tic Lfco ?%>t 
1 fflK)atttft?(*&<t:*- 1 0 0~ 1 08 ffl< 6ivD]g>? 
©il£i*<5:t>?;r<?:U:ft;g>, l£?©Rlt?*ftl*jffl»*ft 

ffij ieafi-, & Hasis 1 9 8 s 
*2^-> : i ~4^@#bbj rM^e^u^eicj^ 

1 2~1 3*t@#«S) . 

[00 5 0] ix±©d;3ft~agWfts¥tf;&£^£*T. 
aMBHBWcfcl/T rji'^^J tltl nm~ifcpm©ig 

[00 5 1] Mtc. ffl^te^fflt^l.^5£i: Lilt 
Rlffijt. ^^^^> X t*<7)flliS[<: iS'JV y 
^ 7 -Sffiic «fc U x PliW(DiuWfc±'nE<DWHfr 6 ft ^ 

[0 0 5 2] —7?. «saW3Q:JBtt«^b[i:«fey. 

mz&a£M7&*mi*Sffi\cfm*%>i5fet lt&. f e 

(Field Ernission:m^KS« ©Wf aSTflll^eft**^ 
•^>S T M (Scanning Tunneling Microscope: ^S§yh> 

S» cmcttiaT 1 -/^— U-^X h©7t©±*6 

S6-¥>x $r©5tSa5gP»lcftSgPRfTlc^X^^#^Tte*-t 

T^mM^^ytf^-oT^mitT^-ii^t 

[0 0 5 3] &±©73*}cJ;oT#6ft^£-*>^/ 

^□L-^«BBte««©^e*i«is*ia 3 tc^-r 0 m 3 
(a) ~ (c) it, 1 ±ici3~ if-y-f-J j-zl— 

Ltc*><DT\ m3 (a) immi^zm^zwMztirc 

El 3 (b) f*U y^7-f-a«f*fyfflLTF»T3t 
© K-> h«k/\^->->^Lfc#Jl»©».^^ffll , 'fc 
itl^r. El 3 (c) »^jSfl|]fi (JI^3b^ftft^#) £ 

[0 0 5 4] *^0^©*5Sfcffil^l#§ai*;<i: Llii, # 
ffl#S»S^S i «77, -b^5«y^ 

X»A^W6tX. 1 StfSS 2 ©i!3t755S-<;-« 
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[0 0 5 5] £ > * > ^ y ^ a - 70) 7j 5£ £ LT 
!M$ £ 2>7^ tic &Vftt> ft. % 

[0 0 5 6] *9gqil(Z)% 1 <Dli6fi£&?tt« ±iELfc* 

[0 0 5 7] «t*<DS8«^T Lfci C5T\ JgJfrggi 
*l»fiLT1 0-6/\°x*;l/SSlcMEtcLT^e. IK 

E&BHftOEfttfl 0-2-1 O^X^UCD 

[0 0 5 8] SJSSSfglcJKA-r SlKJR9AJS0)fl(H-& 

S0*fr555y$x x*>\ Xpm'v. ^ 
x^u-v. z-b^-uv. ^V-tf>* 

7C^^-t>^VV?Xh'J;bx 7-bhX X^l/7 7 Jb=3- 

«fcl\ S C n 6 ® JXfM£(*?<e> S . 7KK^ 

^U^jU&££)l£LT^fc7J#£?£ Ll\ Cft6<D 

[0 0 5 9] JKft#Z4)£j&&llrt^«)&AttiB#IH$ 

ic^#fgtf tc 13 - *;>•}■ y 9- a - ^AAMttffUC^ 6 Iff 
^^P-^tLTf*. ftJ9% (RF) 

y^x^mzmm^ft^^^mumt LT-t>£i\ 

[0 0 6 0] t)-tf>i-/3 L n.-yiZ7^X-?tp KSjlia 
Pift<73^«SiS*T-^X^3&5gS?^ ^JtSIfi 

SiH. ^raMAflHBI. RJKffijHttlfiS. 3WBffiHtt« 



[oo6i] mx-M. m^mnm^cDT Eon^- k 

TH*. El 4 (a) tC^Lfcfc^lCfl^iRtgiOtft^tf'O 
lc LfcRIH o fc^lRlTfe V . RJfc^ttffiSf© T E 
111^— KTH*H34 (b) ^LfccfcdlclgiJWinMKDifi 

IS-SLT-t. fitted* 3 teEMLTfcfrSfo&l/V, & 
[0 0 6 2] %3b\ #i|^.«4 0 0~9 0 0 

t\ 

[0 0 6 3] tzmVu-Mlt LT^Y ? p^ffl^fc 
gB<D-«fJ*Hi 5 Kirvfo 1 1 ttEJ&SSt LT©H1 
S-Jilrtlfiig. 1 2t*H^^-f^P>j$»A^ m»tt 
1 4ti?'7P«£i»JKL£l\ *StH*«tA/ 
£i»iK L£l^BH**;U?-. 1 SSi^Y ^P«Sffif§. 
1 etiT'YV 1 7tt?y^V?&tf8Hlire 

K5 a 1 8«flXWAIST\ 1 9&P — ZV-tfyzft 

tffiD^z^- EEjjw&w?* ijx^tmnfsit^m 

* vHc <fc y ^»<fc-5JcLTS^o 

[0 0 6 4] cosBWctefTtt. s-r«f**;u^-i 
4{cai*i *aB«Lfc»siss«i iP«g^RfT^<Dj±^ 

§#§f*!}c»A^^c tfA»<0SJSS« 1 i rarw^zjA 
©EE^j*mS©«[=aB LfcKPfT\ 7^7aM^i 
9" So 1 P*9«ff73tt, mXlf\ 0 

LTS^ifl 1 P»3tC^X^^*T*--t±. RFr^^^ffi 
^ P«<DHffi^lt7 LT^X^Slh^ yjxm^^Jl 

[0 0 6 5] -75. 3£aft^n-ttfl*S«-*t LT«5 
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u:j»7isu:w:. raraicaiiJiis+iST^fltf^aijew: s 

0 V/c miX±?S§C<t)ti>Sa?S5o COO^F 
JSCTi£^RJsi6-?25£jb\ 1 0 k V/cmig 

[0 0 6 6] ±»Lfc££UttA0)AltD&2)-;K 

[0 0 6 7] meKmrn^m^Tts-^-y-f-y^iL- 
y^mm^-^^m<D~m^to meias^z. 21 

ttfilSSS. 2 2 fi-ttleillffi, 1 2 4S* 

»*i <7)*inJ»ffii<ot— *-*rtiR-rs*ft:*;u^-7?s 
SI* 1 g#£«@<i: LT*ffc*-tf «<DU:&S&*3fi£*r 
2 5tt^P-»Witffl©R F f»T?7yf 

7 y - - ^ 6 tez>m%.&T 

ZfiXOyfflmV&t). SA«*rt«:JSi;T»mm~1 0 0 

3b\ Str&SWI 2 2 VmtefrllV- 2 4 1*7./ \V £ 'J 

K«***«ft<DfflA£iBW-*fctf>. 

LIT 

[0 0 6 8] C<0S«lCfiW-«*-*>^ 3.-7<D 

-T\ £££18 2 1 |*|©»t*;U^-2 4l=»*:1 «-t*y 
h LT*»6J#ft»2 7K<fcyj5l&gi§2 1 F»g«ffiS©EE 
1 0-e/C*£/b*-??) PMLfcSl, Kft 
*)W-2 4^6 0 0 o C(CjjafiaU S*4#X (flliifcD 7 
-fe^bv) «E«lc& UT*JK**;S13-;tf A C\y* 
A*) ^iAf§= #A*AI»te&<DEJ££S2 1 F*3<Z) 

TiM«*ti§*\ fgEftttfiliUiS 0 O/fAfcjl/fr* 
[0 0 6 9] 1 ftUimj&OEJjtf £J£ LTW 

enfc t c 5 t\ *ens(c r f «73=£ epaq lt 7^ 



[0 0 7 0] &L±i$tm Ltc^mmcD-yjmc^m^ an 

m~+)-7 ~ □ y<DM^^ Lv SSI 0nm~ai 0 

4 >? □ -» comm^ £<n±s?-D.~ ?<Dft-mtd 

[007 1] &tc. *£B3CD?g 2 ©«*£s£U:-3^Tift 

0§-r^>o *^o>m 2 cd^;£od— m %m7 icmt-o coo 

^SET'ttx Hi 7 (a) (b) izjji-$-&?icm 

ft 1 <D3EJf 8PK$EB?IJfMJf 1 a £fgtf& 0 S3b\ «ft<D 

misp &mm?immvjmrsmw e % s »$ic 

ctm^ :^lc. !H7 (c) tc^"T ck o tcSftg® 
<Dffl?LHMJl 1 a U:«?L 3 C 5 LTiFKfiRS- 

tXfc«ffi?L3<DiSgP^gS7 (d) lC7r.?£.ofc!%mte2lZ 

mwLTfrz, z<Dmmm2*i&&£Lzt}-$>i-s 
^3.-y4*mm-£-&z> m? ( e ) #b§) c> 
[0072] z.<D^}iicmf^mKt lib. «<js.j#i» 

SUft^iil 9 9 6^5^^-S 7MiC&fflicP^5- 

[0073] ^J^«; ift$.ioA i iwissw 
3M->2i*M) icmmtmcmu &m<DMm*m 

Z>o C©»©ilSS5~2 00nmi!lT^^ 
S^SKS- tti8jS©ai)S^»fflffi» EPfln*flE*>B&IH«: £" U: .J; 

[0074] mimmmtLx<DA i jkdjuh*, *o 

ZmfetZZ.tftTZ. fi3J?l«0. 1 ~1 Ofjintn 
S«±^ A I »SStt*J»#«. 

[007 5] C<7)55-j£lCfcntSA-*>^-y^i-^(D 
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mows i <Dmmj5&<Dm,mizis^TM7KLrci%m*'gts 
Tit. mm^mi^m^mf^iD^mniDxa^mm. 

it^m. mmte<DmmrsEizfc\sTmiRLTm->z>z.£ 

ftT^&e C(DmRi5X£ LTitMK.it. T)U3y^"\ 

[0 0 7 6] c©«fe3ft*-#v^-y^i-^a)ja«* 
ffto-^s^soD— m%m8icm?o z. commit, sj&g 

S3 He. ^«A13 4> 3 5. tf7iS5Y>3 
6, I#1 ^SP»ftT^fca6<D#^SI5V^3 7. SlftS 
5-38> «*RWB<D»**/l/$r- 3 3 i)b l «ljn 
fc£K«L;fc*lJ*£fsT* 0 «*sJyU$T- 3 3 ttftftli 
i»JK*fi# 6 % t) » * C 'NWMi? V73 7 6<0gfv^ 
»G>!!&«tTStt£«£U «ft*iU^-3 3lcfSM3rftfc 
»*1 £fcnfl&?*£<fc3U:ftoT0 ,k S o #XiAf 3 4 
iilf U>f flDflWX^ iAfii?6 'J , 1#3 2 

WifiToaflWtf xaifli^— t*** a teles* nrt^ 
J5**#x<BttJWT?»3 c£©fifi±U:t,«iz: 

■Oo fixmn"? y>3 6 * u - 

?Kvn!:»|«*+iT. Jg«S»»rt«J»KL?**«fc3U:a: 
oT^§ 0 3cfc. #^7>7'3 3frb<D#^*7t 
i-7-3 8?l»btx, S#1 lcSMsa<RM**tl«<k 

[0077] z.<r>mm.T<Di3-^yi-y^o.-y<Dmm. 
it. 9ft. mws itLTmmmji^t^mw^m 

mizi&isTJjxmAm 3 s # 6m«isii**xs fci*^ 

1 CO^^m^OS^lC^^-tt^o 3 2<D;S!t 
mx.it 7 0 O'C) ^SLfci;C.5T\ #XiiA«3 

y^n— 7^figSt*--t*So ca3B#cDS&SStl3 2|*!<7)j± 
73«1 00-1 0 5/<X*;U©iSBIfr*<Otf*fSLt\ 



[0078] mw£-?% mmmftm zntctzz t. m 
[0079] mznz>jj~$-'yi-sy i 3--?'imJi<DW> 

a— ^<7)S««l?L«)S^fiKfiHaG)S(c«tStt^-r*o HI 
7 COfllJT'&ffflJLmmJi 1 a 1 a ±(C^tTi5fflT 

^Si«^}co^TBc3^Lfc3b\ Si* 1 <D«Jl=&^<D^Siiffl 

?L»ms i a t LTtm?2>m*m 9 icmfo 
[0 0 8 0] ts-&y-t-s3-3--y<Df&mmt?&& (e 

IS) Bilk l5tt#X<&Kft&«rtT<0»lSSFteJ:-3TSi| 
tPRlfgl?^U, M*.I«IB7 (e) IC^f <taiC$ffl?L6^6 

itfrtti Ltctmic &z>mtm9 (e) ic^-r^-p^ 
9 (e) temt-WKT&tp&Tnr&mntg-g-. m 

mfZ>Z.£.1y-T=£Z> 0 

[008 1] Z. CDttZTm b^A-r/t/f2-7 
i*nm^757P>©III^fU SJrai On 

<dt\ ij~^yi-y^=L-y<DmmmmT^. stem 

l/'SflDTWMt^tttti* STMft <!: <Dffl«-¥>? -f 2 □ 1 
->V©li?5: £(D£i — ^"yi~ / =9-3.- 7<DftMmm 
$ LT Jll N «l&lti: «*IU:fflte#<fc l\ "6 5 A/MfiJJS 

[0082] mc. *mm(»n2<Dmi&y5masif2>i& 
<nmic3i-"Tmm?z>o ccd^ti*. *— 

a-^(0fi8**lRl*«*iJ-r Sar-f LTCDtlffc^-r 
«BD1 Ofcjr.fo Z.<Dl5 : ,£Tit. ^mft 1 ±lcfigS« 

2 wtten^, z.aymmt.£ LTitmcm^tcco^ 

mmT^2>t)\ r^T'hmmi^. #icSnm~IB[nm 

LT#SJB7u*HS*?3 0 0~1 0 0 0°CT7'--il/ 
t%>z.£\z&.^ ftmr Z>Z£ 5o 

[0 0 8 3] CCT*#1©fiR*S2*aettfcffilC. * 
-*Vt/fi-7"©lfi5fl''I' H"r^$ffl?L3^*-r^ 
NTX^5*»«-rS 0 ^A^5«. J^SICKSUTSS* 

Tfs±4&LT»ft i <Dm%micnw?%>o z.tj^x/? s 

£ LTit. 15 4 ¥£ LT*UfflR«6?*sa«*«ii?L3 



(11) 



<&ffl¥- 11-119 17 



^-r^fcOTfcfttffrSfofcl^tf, @ OSS) *M~ 
1 0 0 0 n m<Dffl?L<D^ifc£\ @£[S]S®3b\ Jfe^tM* 

&<&»fSJa±©iHRi?K«*ftfc7x**iffs l < mm 
y j u s - o mmmi tic & *w® ic f us l t m 

[0 0 8 4] mmmtteomc*,. n^/i-^-tf® 
fR»*aKRe*)U: x y =f- y % z. t ic j: y $ffi?L=£ s 5 

7^l7f>^S (09tU*B. E. Fisher 6K<£ 
y R e v i e s of Modern Physic 
s. Vol. 55. No. 4 (1983) iCpL<fBS 

=3 X h ^$Sf L<Z>RBPH<Z)lfcl»14& i£*3il&?2> t Til 5 - 
«7 jU© HMSBMbtfttrXT 
[008 5] C£DJ:3^:^X^5^»#1 6D|5gS^2^ 

T\ 7X^5 0D^-rS«?L3<Dia»lCffi«-rSfiK**SE2 
fr6»L3£#Y KiLT^-ryf/ 7 a - 7* J«* 
J^ciA^JS. COO*— TKV^-y^a - z><Di&m 

[0086] &ic. ■*x<7<Dmw.mcfiiimm*tim?% 

"f »* 1 ±lc^X^ 5 #Slcj£ UT***Jt*T*ffi± 
»LTKI1-^„ fCTSlOSftl *fl*.l*J(ffilE*& 
IrticSiLT, Ni. Fe, CofS1-10nm| 

jsfflaaiinj»ai=j;yBKffli-r*tiai i (to <Dm&\m 

< &7kmtT : ,&±tix<Di&-£ijxtp? 3 oo~i o o o 

tticfctt Lfc y * »*<zMt£Aiii££i»-r * «t a (c&Atb 
Ltc y r s c: t t»ta?«^„ 

[0 0 8 7] CO5«fi8T:±fBa30!l<t!e]«fe LT#-*> 
i-SJ-n-— 7% %>Z.t7:\ ?X^5(Dtt§i 
7L3lc*V K S ftfc* tfEJMflBfl!) ft - > :r- y 



nim&mm, lt*> y * - ✓ ^ ^ - y<Dnamm^ 
[0088] pssshc^x* 5*ixy«.-rtx 01 1 

(d) <D<fc5U:?X*5<0«?L3*£BftLT. «i*1£ 

s m 7j ft n: ^ ft l fc * - # > i- j ^ =l - y 4 am % n 
* s<dt\ * - y zl - ymtmiEtxr^wtift 

[0 0 8 9] C <D755£T1# 6 ft£> ft - * > :h y a. - X' 
tt«nm~-9-^5^P>G)iaS*#L» ftSttftl On 
m~|&1 0/jm}C^:S o £fc. «?L0)mtt*S«}T?*S 

S^rRl i fc«f*:<!:Sili:L.fcyr«Ci:^7-#-5„ Mlc, 

^ LXm t^SSffi tc f*1#lcffl[^«fc l\ t, "6 5 A/MiBOjg 
#*>|g»©m@ ^ S^' * S ^ £C T « 0 g=fc 

[0 0 9 0] 

*-T» 5358«©3T^iBlc» BS^J2 0 nmOOF e N i 
(Feo.sN io.5) W^tft?^. 1 fimftlcfti 
~»i Ofi*sffioo»Mtt^i:35:SJ:oicJ3nKi®illcJ;o 

mimmcmL. ejss»i ii*i^i o-6/\°x*jbs 

TBMa&1 9^J;yp«Lfco ^ic. 8«©>MS^ 5 0 
0°Ci:LT. x^UV^TX, AU^iiS'XM^iS'X 

1 0/\°X*ik ifUXDM^I/aAJk *f£<7)# 
j±^1 0/-vX*;bi:Lfco CKDttglT^-f ^P^HS 

^e^Y-^n* (2oow) zftm-z-e. 

WISLTSfSSSl 1 1*3 ic^X? 305) 

^=&±<fe. #X^^®rLfc^P^1 9lc<fcy*^ 

fee 3Xy tfcS L/ce3l«*S<D*®£ FE-SEM (Field 
Emission-Scanning Electron Miciroscope: ^HKiij^ 

hod^^c ^(Dm^^wm^mmmm^mt mm 
ftmcmw.Ltcm'&vtemi 2m (a) u^-r^d^ii: 

S&1 0~»1 0 Onmfl)*-*>tyfi-7tfIi 
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i 2 (b) ^■t&oizfi-tfyj-s^o-- 7#S4E(c 

# j =f- a - y<Di$&iztt'<tiimmv£> o fco 

[0 0 9 1] %fifeffl|2 
53£Sffi<DSIi±lE. N U Fe, Co. FeNi (F 
eo.sN i 0,5) - N i C o ( N i 0. 5 C ©O-S) - A uS 
TJAg0)oi5CDl->-?fifr 1 HfrS&^ffiMu^ 1 p m 

«fc Sa-tft-V^y * a -■^OSIiSfcfro fc„ ffcto-S, 

T»aatt?«w# Lfc**§^s eh 5 ie^-tsso)*^ 

±1 4ic|g«Lfco ^LTEJ&SSI 1*1 0-6/f 
aajUSTlMtLfcadWU*- 1 4*6 0 OtfciMft 

Lfc»£#X**ALfco » ASKBlgEJjtt 1 0M°Xft 
JL/£LT. ^V-tr><D»ff(*0. 1 /Clftjk **G>tt 
JEfctl /ClftjUlcLfc. *LT^-r*ciaMMWi 5& 
6^-fXP;& (200W) *SM6tf-ti\ ^y*><?*:m 
K5LT£J&g§S1 1 flt^7X7tat*t, 6 0M 

*±#k #Xitt^*3^LfcS$ME.&1 9lE«fcyJKSg| 
$U BIRD -9 LTfrSa*6****lcB.yttLfc<, 

ir y a Lfce3S*KG)*ffi£ f e - s e m ic j: y «* l 

fc£c:3, N i, Fe. Co, FeN iStfN i Co(D 
iS^?*#»LfcE3S««±T-W:igi 2 (a) fcjjVT 
£-3%S»1 0H&1 0 0nmfflA-r/t/fa- 

^ass^^e^SiS^^jE^sLT^fco croi 

* SSSffi tE It g^© T =E } 1/ 7 7- X * - <K XDttfll 6'^ 

e nfc 6\ * - # > y - 7<d m m ie tb^ttwra* 

T&ofc, -75. AufrZts&miL^fc&Agti-'Zts 
[0 0 9 2] Xffi$!l3 

&ie. y v 7 -r — wtfjiz. n&m^Tft—tfs-t-s?- 

[0 0 9 3] S"Tx WTO)3fflt7)»fi;£fl3*L;fco 

(D 5sa«±iET i *m<mm (if2 0nmi l 

fc±lEP t *X/<y*;£tc«fcyfi8« (MJS40rsm) L 
fco *6^E^-<D±iE1 0nm«DlI©M i *fiJtHU d 

<d n i mmm *. m^-B y v x ,; 5 7 < —T&^^xf — mv> 

&%m\Z&.Wfy5 0 nm~1 Opm^CD K\f M* (gK 
v h<Dfi§Fl : K-y M1<D 1 OffflDt) lEflniLTco 
(2) PtII (IS4 0nm) *HML/c53SSt5c75 
Affile* g^F<D*-#>V-7. (C H4$fc(fr*fJl/) 
#*S»HftW3SEM«fT\ »ffia>-asU:WFtt*M5T 

Vomm: KyhS©l OfSSJS) zmflLLtc* 



(3) 53S»«±IE»1 Onm©II(DN i M&jftfflg 
Lv CMS^T 1 OOO-QEUBaSLTN iMH 

*-i*Tiffl«fft?ttlESib*-t*fCo 

[0094] LTSsn^as^-tn^nffl^icia 

6lE^f««(0*;U4f-2 4(E»«L» 1 ft 

*^M3S2 7T-1 0-6/ttftjU$?»*lLft:flt* *JU^ 
-2 4*3 0 0°CtE*inf»U IIMXT^57-GfU> 
iEjsP^Ts ^y r 7^i?K**^X«AS2 6^6*AL 
fco S^iS2 1 ft<D#XlI*^JE;ft*5 07\°X£;k 
T'-fe^bXD^BE* 5;\°XAJk 'N'J 92*<D#J£* 4 0 
/\'7.^;l/<»:^:^J:3lEiS8gL. S£ 1 tttfa9M2 2<D 
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1 0-6y\°Xt3JU^TPMLfc^ *)b?"-2 4^6 0 0 
XicmmL. JS^«XT^^^>-tr>i:*^**Xj»A 
^2 6^6«ALfco S*6S»2 1 ^<D#XE*£ti±7j 
*5/^'X^ik ^V-tf>CD»l±*0. 5/\°X*Jbi:^:^ 
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fSH7». «j±6[j|3P*lt7L. X^X^*±*6. T^Xtt 
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6 4 0 VOD«BE€:EPljn LT 5 »B«1# Lfc. C<7)J*fEU: 
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$MLTfr6> #/UPA*3 S^G^'J^TI Ofgft 
8?Lfc7)<^#7.£ 5 0 s c c m<E3fJ«T>SALTJ5J&§ 
S3 1 l*l<DJE73«5 0 0/\ o X*;HCLfco LT. 
$8^>^3 7 SjiSSLTWSiBJS* 5 0 QXiZ Lfc. >fi 
Sc^^Lfc^ ^XiAf SA^^'J?^'! 0ft 
^IRLfc7'-tr^U>^7.^5 0 sec mCD^MTMAL 
TS^SI3 1 P«3(DBE73^1 0 0 O/iXilMZ LT6 0 
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